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ABSTRACT 
Bryan Eric Frauhiger: EXPLORING Pt(II)/Pt(IV) CONVERSIONS USING  
           PYRAZOLYL- AND TRIAZOLYL-BASED     
           SCORPIONATE LIGANDS 
 
(Under the direction of Professor Joseph L. Templeton) 
 
 Our research program has focused on reactivity centering around Pt(II)/Pt(IV) 
conversions utilizing a pyrazolyl-based Tp'Pt system.  Reactions have included C-H bond 
formation, alkene insertion, dehydration of alkanes, oxidative addition of alkynes, and 
Water Gas Shift chemistry.  In this work, the mechanism for decarboxylation and 
protonation for the stepwise WGS reaction stemming from the Tp'Pt(Me)(CO) reagent is 
studied and modeled.  Nucleophilic attack on the platinum-bound CO ligand by amide 
nucleophiles (NHR-) followed by methylation using methyl iodide results in clean 
conversion to carboxamido complexes of the type Tp'PtMe2(C(O)NHR).  Deprotonation 
of the carboxamido ligand triggers isocyanate elimination and the platinum product can 
be methylated or protonated to form Tp'PtMe3 or Tp'PtMe2H, respectively.  Furthermore, 
methylation of the carboxamido compounds results in rare Pt(IV) cationic carbenes.  This 
work suggests that a Pt(IV) species is a requirement enroute to elimination in the WGSR 
and that the overall reaction proceeds via a  step-wise mechanism including protonation, 
deprotonation, and decarboxylation. 
v 
 
 To facilitate κ3/κ2 interconversions and promote reductive elimination from 
Pt(IV), the triazolyl-based scorpionate ligands TtR were synthesized using the alkyne-
azide “Click” reaction.  Metallation of such ligands results in Pt(II) square-planar 
dimethyl or diphenyl complexes that display a κ2 coordination mode for the scorpionate 
ligand.  Addition of electrophilic alkyl or allyl reagents results in isolable cationic Pt(IV) 
complexes.  Protonation of the κ2 Pt(II) reagents generates [TtRPtR'2H]+ (R' = Me, Ph), 
which eliminates methane or benzene under mild conditions.  Trapping the resulting 
fragment with carbon monoxide or an olefin produces [TtRPt(R')(L)]+.  When R' = Ph, 
phenyl migration and ortho C-H activation is observed under gentle heating to generate 
metallacyclic hydride complexes.  Deuterium labeling studies and NOESY NMR spectra 
reveal the dynamic nature of the metallacycles, which undergo both aryl and alkyl C-H 
elimination and re-activation.  Heating the mixture of isobutylene insertion isomers 
reveals conversion from the kinetic insertion product with substituents on the α-carbon to 
the thermodynamic insertion product with substituents on the β-carbon.  
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Chapter I 
 
Introduction to Pt(II)/Pt(IV) Conversions  
 
 
Platinum-mediated Transformations.  Transition metal complexes are capable 
of catalyzing a seemingly endless list of important chemical transformations.  Since the 
1950s, the development and utilization of organometallic compounds for metal-mediated 
processes has increased exponentially.  The reactivity of transition metal complexes has 
had both chemical and political impacts.  Recently, concerns over industrial and 
commercial hazardous waste production have led to a push toward “green chemistry,” 
where chemical reagents are employed that minimize the formation of environmentally-
damaging compounds.1-4  One approach toward this goal has been the development of 
catalysts (often transition-metal based) in order to avoid generating stoichiometric waste 
products.1,2,5 
Transition metal complexes have also been highlighted in the chemical and 
political arena of global energy sustainability.  The continuing depletion of fossil fuels 
and recently soaring energy costs have led to extensive research on alternative energy 
sources.6-10  Many energy-relevant chemical transformations, such as solar energy 
conversion, methanol production, and hydrogen formation and storage, involve 
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organometallic complexes.7,11-16  One particularly attractive alternative energy source is 
methanol, which could be generated from the oxidation of methane.  Although fossil fuel 
supplies are being exhausted, alkanes from petroleum and natural gas remain abundant, 
allowing for the feasibility of a potential methanol fuel economy.8,17-19  However, the 
oxidation of alkanes using traditional radical-based processes results in oxidized products 
that have weaker C-H bonds than the original alkane and are thus prone to over-
oxidation.18-22  This major limitation has prevented methanol production from methane on 
an industrial scale.  Organometallic complexes, on the other hand, are capable of 
activating C-H bonds while avoiding over-oxidation.17,18,20,22-29 
One of the earliest reports of methane to methanol conversion using an 
organometallic complex was by Shilov and co-workers.29  The Shilov system employs a 
Pt(II) reagent in an acidic aqueous solution for the C-H activation and subsequent 
oxidation of methane (Scheme 1.1).  However, the consumption of a stoichiometric 
amount of Pt(IV) as a sacrificial oxidant makes for an impractical and industrially 
unfeasible system.  Nonetheless, the Shilov cycle highlights the potential of Group 10 
metals to provide access to valuable organic compounds.  Several research groups have 
developed d8 metal-ligand systems that model the Shilov system in order to achieve sp3 
C-H functionalization under mild conditions.23,24,26,27,30,31   
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Scheme 1.1. Shilov oxidation of methane to methanol. 
 
To understand and improve the Shilov system, the mechanism has been 
thoroughly studied by Bercaw and Labinger.21  The first major mechanistic step is 
believed to be C-H activation of methane to form a Pt(II) methyl complex.  Subsequent 
oxidation from Pt(II) to Pt(IV) results in a switch from a four-coordinate square-planar 
geometry to a six-coordination octahedral geometry.  Ligand loss results in a reactive 
five-coordinate Pt(IV) species that undergoes reductive elimination of methanol and 
generates a Pt(II) product.  
The organometallic chemistry of platinum extends far beyond this example of 
methane C-H activation.  Several books and reviews have been written about the metal-
mediated transformations involving this precious metal, which is known for its high 
catalytic activity, versatility, and chemical robustness.32-36  Many of the applications of 
platinum catalysis involve interconversion between two oxidation states, typically 
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Pt(0)/Pt(II) or Pt(II)/Pt(IV).  A fundamental understanding of this interconversion is 
required in order to improve catalyst performance.  We have been particularly interested 
in processes that are proposed to proceed through Pt(IV) intermediates. 
Modeling Pt(IV) Intermediates.  The common theme in Pt(IV)-to-Pt(II) 
conversions is preliminary ligand dissociation to generate a five-coordinate species 
followed by reductive elimination.  This mechanistic pathway for elimination from Pt(IV) 
is well established across a plethora of platinum systems.37-47  The isolation, or even 
observation, of these five-coordinate unsaturated species is challenging due to their high 
reactivity and susceptibility toward elimination.  However, a few examples of Pt(IV) 
five-coordinate compounds have been reported through the use of silane reagents.  
Recently, Tilley et al. synthesized a five-coordinate dihydrosilyl PyPyr platinum complex 
(PyPyr = 3,5-diphenyl-2-(2-pyridyl)pyrrolide), which can react with 4-
dimethylaminopyridine (DMAP) to generate a six-coordinate Pt(IV) species or react with 
PMe3 to result in a four-coordinate Pt(II) complex (eq 1).48 
 
Our group has also reported on the formation of Pt(IV) dihydrdosilyl complexes 
via Si-H activation of coordinately unsaturated Pt(II) species.  Using a tridentate ligand 
system, dechelation of one ancillary ligand “arm” induces reductive elimination.  The 
three-coordinate Pt(II) species can be trapped by oxidative addition of triethylsilane (eq 
5 
 
2).46  We have also reported on the synthesis of a five-coordinate dihyrdosilyl N-p-Cl-
phenyl-β-diiminate platinum complex, which can react with phosphalkynes to produce a 
cycloaddition product (eq 3).49 
 
 
 Facially-coordinating tridentate ligands have been shown to stabilize Pt(IV) 
products by preventing the formation of a five-coordinate species.  A popular subset of 
such ligands is scorpionate ligands, which typically contain three strongly donating 
pyrazole derivatives affixed to a central anionic BH backbone.50-53  The original and 
simplest scorpionate, trispyrazolylborate (Tp), was first synthesized by Trofimenko in 
1960s.54  Since then, a multitude of variations have been reported allowing for easy steric 
and electronic tenability.50  The scorpionate ligand not only allows for the isolation of 
Pt(IV) species, but its inherent multiple chelation options provide a platform for studying 
Pt(IV)/Pt(II) transformations.  
 Over the past decade, our research program has focused on utilizing 
hydridotris(3,5-dimethylpyrazolyl)borate (Tp', Figure 1.1) to isolate Pt(IV) intermediates 
and study Pt(II)/Pt(IV) conversions.   Synthesis of Tp'PtMe2H was first achieved in 1996 
and has served as the starting point for many studies.55  Reflecting the prerequisite ligand 
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loss to trigger reductive elimination, we have found specific conditions that allow for the 
dechelation of the apical pyrazolyl ring to generate a five-coordinate species.  
Thermolysis above 100°C or protonation at low temperature induces methane loss and 
the generation of a reactive, coordinatively unsaturated Tp'PtMe fragment.  An array of 
reactivity patterns have been documented stemming from this reactive Pt(II) species 
(Scheme 1.2).56-65  
 
Figure 1.1.  The Tp' ligand. 
 
Scheme 1.2.  Generation of the reactive Tp′PtR fragment and subsequent reactivity. 
 
In the presence of cyclic alkanes, Tp′PtMe activates C-H bonds and generates 
dehydrogenated products after β-H elimination (eq 4).56  Trapping the Tp'PtMe fragment 
with alkynes results in η2-alkyne adducts which slowly undergo C-H activation to Pt(IV) 
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acetylide products.58  Furthermore, elimination of benzene from the analogous Tp′PtPh2H 
and trapping with olefins leads to slow phenyl migration and ortho C-H activation to 
form metallacycles (eq 5).57  The initiating mechanistic step for all of these 
transformations is dechelation of the apical Tp′ arm to generate a reactive five-coordinate 
intermediate. 
 
 
Metal-mediated Water Gas Shift Reaction.  One particularly energy-relevant 
example is the trapping of Tp′PtMe with carbon monoxide to form Tp′PtMe(CO), which 
can undergo nucleophilic attack by hydroxide to generate CO2 and a platinum dihydride 
species (eq 6).  Elimination of dihydrogen in a subsequent step represents a 
stoichiometric water-gas shift reaction (WGSR).60,63,65  The WGSR, which converts water 
and carbon monoxide into carbon dioxide and hydrogen, is an attractive method for the 
production of hydrogen fuel.6,66,67   
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Although the reactivity of our Tp'PtMe(CO) complex is believed to proceed 
according to the generally accepted metal-mediated WGSR (Scheme 1.3), the specific 
mechanism for decarboxylation and subsequent oxidation to a Pt(IV) dihydride is 
unclear.  In order to probe a model system and help elucidate the mechanism, we studied 
nucleophlic attack of amide anions on the carbonyl ligand of Tp'PtMe(CO).  The results 
of this work are discussed in Chapter II. 
 
Scheme 1.3.  The general metal-mediated WGSR mechanism. 
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Hemilabile Ligands.  The scorpionate-platinum system provides an excellent 
platform for studying Pt(IV) to Pt(II) transformations due to the ability to dechelate the 
apical pyrazolyl arm and generate a five-coordinate species.  However, achieving 
dechelation in the Tp'Pt system requires harsh conditions, and we wished to explore 
alternative metal-ligand scaffolds that would lower the energy barrier for κ3/κ2 
conversions.  Recently, Lammertsma and co-workers reported the synthesis of tris(1-
phenyl-1H-1,2,3-triazol-4-yl)phosphine oxide (TtPh, Figure 1.2a), a neutral triazolyl-
based scorpionate with an electrophilic P=O backbone.68  In Chapters III and IV, we 
report the development of a TtRPt system that undergoes facile κ3/κ2 conversions to 
generate reactive five-coordinate intermediates and form C-H and C-C coupled 
products.69,70  Furthermore, in Chapter V we report the development of a hybrid 
pyrazolyl/triazolyl ligand (bpztzR, Figure 1.2b) with a C-H backbone. 
 
Figure 1.2.  The TtR and bpztzR ligands. 
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Chapter II 
 
Seeking a Mechanistic Analogue of the Water-Gas Shift 
Reaction: Carboxamido Ligand Formation and Isocyanate 
Elimination from Complexes Containing the Tp'PtMe 
Fragment 
 
 
Introduction 
 In the face of ever-increasing global energy consumption, the search for suitable 
clean, renewable energy sources remains a significant challenge.1-5  A hydrogen-based 
fuel economy is often discussed as a potential alternative solution to fossil fuels, and 
extensive research has focused on viable sources for hydrogen production, including 
biomass, hydrocarbons, and water.1,6-11  Among this list, an attractive route for hydrogen 
formation is the Water-Gas Shift Reaction (WGSR), which converts water and carbon 
monoxide to hydrogen and carbon dioxide (Scheme 2.1).1  Although thermodynamically 
favorable at standard temperature and pressures, harsher conditions are often utilized to 
facilitate rapid conversion to products.12-14  The past few decades have seen advances in 
the utility of various transition metal complexes as catalysts for WGS chemistry.  
Ford15,16 and King17,18 identified Ru3(CO)12 and Group 6 hexacarbonyl complexes, 
respectively, as homogeneous WGSR catalysts decades ago, and related systems led to 
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substantial improvements over previous iron oxide heterogeneous systems and lowered 
the required reaction temperature to near 100°C.  Since then, a plethora of both hetero- 
and homogeneous transition metal complexes have been reported that demonstrate 
WGSR catalytic activity.14,19-26  Despite these advances, no homogeneous catalytic 
WGSR system has been adapted on an industrial scale.14,21,27,28 
 In order to improve catalyst design, a thorough understanding of the WGSR 
mechanism is required.  The generally accepted homogeneous-catalysis mechanism is 
shown in Scheme 2.1.  This reactivity sequence is proposed to apply to Fe(CO)5 and 
nitrogen ligated systems, such as Ru(bpy)2Cl2 and Cp*Ir(bpy)Cl, where the metal-
carbonyl linkage is activated for hydroxide addition to the carbon to form a 
metallacarboxylic acid (Scheme 2.1).  Hydroxide addition is followed by loss of CO2 and 
generation of a dihydride species in a sequence that appears to be metal-ligand system 
dependant.1,19,20  Choudhury has proposed direct β-H elimination from 
RuCl(CO2H)(bpy)2 to release CO2 and form a monohydride, which is subsequently 
protonated to give [RuClH2(bpy)2]+.20  However, in Ziessel’s [Cp*Ir(bpy)Cl]+ system, a 
series of discrete deprotonation, decarboxylation, and protonation steps are hypothesized.  
Regardless of the decarboxylation mechanism, elimination of hydrogen from the 
dihydride complex completes the WGSR cycle.19,28,29  
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Scheme 2.1. The general Water-Gas Shift Reaction mechanism. 
 
We have previously reported a Tp'Pt (Tp′ = hydridotris(3,5-
dimethylpyrazolyl)borate, Figure 2.1) system that performs stepwise WGSR chemistry.30-
33  Low-temperature protonation or thermolysis of Tp'PtMe2H 1 in the presence of carbon 
monoxide induces methane loss to form the trapped product Tp'Pt(Me)(CO) 2.  Heating 2 
in a basic water/acetone mixture generates Tp'PtMeH2 in good yield (eq 1) and while the 
mechanism for this transformation (eq 2) is believed to follow the general WGSR cycle, 
details of the decarboxylation and protonation steps remain unclear.34  These steps could 
proceed through any of the possibilities mentioned previously (vida supra).  Repeating 
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the reaction sequence with the platinum methyl dihydride complex (rather than the 
dimethyl hydride) produced Tp'PtH3, from which elimination of hydrogen under CO 
occurs to complete a stepwise and stoichiometric WGSR. 
 
Figure 2.1.  The Tp' ligand. 
 
 
 
 
In order to gain further mechanistic insight into nucleophilic attack on the 
carbonyl ligand and CO2 loss (Scheme 2.1, highlighted) for this Tp'Pt system we have 
sought to synthesize stable, isolable analogs of the putative metallacarboxylic acid 
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intermediate.  Recently, we reported the synthesis of Tp'Pt isonitrile complexes, which 
are isoelectronic with the platinum carbonyl complex 2.35  Attack at the isonitrile carbon 
by methyl lithium and subsequent protonation resulted in isolable Pt(IV) iminoacyl 
products, and presumably these reactions are analogous to hydroxide attack on the CO 
ligand of 2.  During these studies, it was found that the iminoacyl complexes were 
susceptible to methylation at the oxygen atom to form Pt(IV) carbenes.   
With this reactivity in mind, we decided to revisit the metal-carbonyl system 
using N-based nucleophiles in order to address whether similar isolable addition products 
can be generated or if they remain elusive due to rapid isocyanate elimination in analogy 
to the result of hydroxide attack on the carbonyl carbon of this same platinum complex.   
In either case, the metal-mediated coupling of CO and simple primary amines to form 
isocyanates and isocyanate-derived products is desirable since such organic compounds 
are used as industrial synthetic precursors to valuable polyureas and pesticides.36-39  Here 
we report the synthesis of a series of isolable Pt(IV) carboxamido complexes and 
subsequent base-induced elimination to form isocyanate-derived products.  These 
reactions may be relevant to the water-gas shift reaction mediated by similar platinum 
complexes.  
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Results and Discussion 
 Synthesis of carboxamido Pt(IV) complexes.  Paralleling previously reported 
syntheses of Tp′Pt(Me)(CO) 2 carbonyl addition products, we sought to generate 
analogous carboxamido complexes using amide ion nucleophiles.  A series of 
deprotonated primary amines were added to a THF solution of 2 at -78°C and warmed to 
room temperature.  After 30 minutes, the resulting anionic Pt(II) fragment, 
[Tp′PtMeC(O)NHR]-, was trapped with methyl iodide to form air- and moisture-stable 
Pt(IV) dimethyl complexes of the type Tp′PtMe2(C(O)NHR) (R = Et (3a), nPr (3b), iPr 
(3c), tBu (3d), Bn (3e), Ph (3f)) (eq 3).  The crude reaction mixtures were 
chromatographed on alumina to afford the target carboxamido platinum products in 
moderate to good isolated yields (55-75%).  Note that isocyanate elimination did not take 
place. 
 
 The Tp′ signals of carboxamido complexes 3a-f display a 2:1 ratio in the 1H NMR 
spectrum, indicating the presence of a mirror plane and Cs symmetry.  The methyl signals 
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resonate at ca. 1.4 ppm with 72 Hz two-bond coupling, which is compatible with other 
reported Pt(IV) methyl complexes.40-44  In the benzyl carboxamido complex 3e, the two 
methylene protons appear as a doublet (due to vicinal coupling to the NH protons) with 
platinum satellites, thus exhibiting four-bond platinum-hydrogen coupling across the 
amide moiety.  In the 13C NMR spectrum, the platinum-bound carbonyl resonates at ca. 
150 ppm with a large one-bond 195Pt-13C coupling ranging from 1041-1170 Hz.  Each 
compound displays a strong C=O stretching band in the infrared spectrum at ca. 1650 cm-
1 and a weaker B-H stretching band at 2556 cm-1 in solution.  Literature reports indicate 
that B-H stretches below 2500 cm-1 are indicative of a κ2 binding mode for the Tp′ ligand, 
while stretches above 2500 cm-1 suggest κ3 coordination.32,45  The B-H stretches obtained 
for the carboxamido complexes therefore reflect κ3 binding. 
 Slow diffusion of hexanes into a methylene chloride solution of benzyl complex 
3e produced clear, colorless rectangular crystals that were suitable for X-ray 
crystallography.  The crystal structure of 3e, shown in Figure 2.2, displays an octahedral 
geometry and confirms a κ3 coordination mode for the Tp′ ligand.  Selected bond 
distances and angles are presented in Table 2.1.  The platinum-methyl bond lengths of 
2.071 Å and 2.081 Å are consistent with previously reported values for Pt-C distances in 
Tp'PtMe2H46 and TpPtMe2OH.47  The platinum-nitrogen distances trans to the methyl 
groups are similar in value, averaging 2.160 Å, while the stronger trans-influence 
carboxamido ligand lengthens the apical platinum nitrogen bond slightly by ca. 0.023 Å.  
The three carboxamido C-X bond lengths (Pt-C3, 2.024(8)Å; C3-N5, 1.365(10); C3-O4, 
1.213(9)) are compatible with other reported Group 10 metal-bound carboxamido 
complexes.48-51  The platinum carbonyl is situated between the platinum methyls with a 
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C1-Pt-C3-O4 torsional angle of 39.4 degrees, so it lies near the molecular mirror plane, 
bisecting the two methyl groups.    
 
Figure 2.2.  X-ray structure of Tp′PtMe2(C(O)NHBn) 3e.  Ellipsoids are drawn at the 
50% probability level.  Hydrogen atoms are omitted for clarity.   
 
 
Table 2.1. Selected bond distances (Å) and angles (deg) for complex 3e. 
Bonds Lengths 
Pt-C1 2.071(3) Pt-N14 2.155(5) 
Pt-C2 2.081(7) Pt-N21 2.183(6) 
Pt-C3 2.024(8) Pt-N28 2.165(6) 
C3-O4 1.213(9) C3-N5 1.365(10) 
    
Bond Angles 
C1-Pt-C2 89.1(3) N14-Pt-N28 87.4(2) 
Pt-C3-O4 124.2(6) C4-C3-N5 120.9(7) 
Pt-C3-N5 114.8(5) C1-Pt-C3-O4 39.4(7) 
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 In the 13C NMR spectra of 3a-f, the platinum methyl signal was particularly broad 
relative to the other peaks, which suggested a dynamic process exchanging two distinct 
platinum methyl environments was occurring at room temperature.  Cooling the 
carboxamido complexes to 200 K and recording the 1H NMR spectrum revealed the 
presence of two isomers, which we believe to be rotamers.  Figure 2.3 shows the NH 
signal of the t-butyl complex 3d as the solution is cooled to 200 K.  At low temperature, 
an equilibrium between a major and minor rotamer is revealed; presumably the ratio of 
the rotamers reflects different steric energies depending upon the position of the carbonyl 
and amine group.  However, at room temperature, the barrier for rotation is easily 
traversed on the NMR time scale and an average signal for the two rotamers is observed.  
For 3a-e, the coalescence temperature for the NH signal was in the range of 225-235 K.  
For this series of carboxamido complexes, the ratio of major:minor isomers at low 
temperature (ca. 200 K) ranged from 1.2:1 to 2.2:1, with the tBu adduct, not surprisingly, 
displaying the greatest energy difference between the two rotamers.   
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Figure 2.3.  Variable temperature 1H NMR study of rotation in 3d.  
 
 To determine the identity of the major rotamer and to verify the nature of the 
observed dynamic process in 3a-f, the NOESY NMR spectrum of isopropyl carboxamido 
3c was recorded at 185 K (Figure 2.4).  An off-diagonal crosspeak correlates the major 
NH signal with the major Tp′-methyl signal, indicating a through-space NOE as a result 
of the NHR group bisecting the Tp′ pyrazolyl nitrogens with the carbonyl positioned 
between the platinum methyl groups, as was evident in the crystal structure of benzyl 
carboxamido 3e.  Conversely, an NOE is observed correlating the minor NH signal and 
the minor platinum methyl resonance.   
Independent studies performed by Angelici51,52 and Kessler53 found dynamic 
processes for secondary dimethyl carboxamido complexes, [LnM]C(O)NMe2 (M = Mo, 
W, Pt, Pd).  At room temperature the two methyl groups are inequivalent in the 1H NMR 
spectrum, but at high temperatures the signals coalesce, reflecting rotation about the C-N 
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bond.  For most of these complexes a high rotation barrier was observed, having 
coalescence temperatures above 100°C, with some Tc values exceeding 200°C (473 K).  
The low temperature NOE data presented here along with the dramatic difference in 
coalescence temperatures relative to the temperature for coalescence of the reported 
secondary carboxamido complex signals strongly suggest that the two rotamers here 
result from restricted rotation about the Pt-C bond and not the C-N bond.  A 180° rotation 
about the Pt-C bond is required to achieve the second rotamer as demonstrated in the 
Newman projection in Figure 2.5.  
We sought to generate analogous Tp'Pt secondary carboxamido complexes and 
further compare the coalescence temperatures and energy barriers associated with Pt-C 
and C-N rotation.  Using the same reaction sequence as in eq 4 except using dimethyl 
amide anion as the nucleophilic reagent produced the secondary carboxamido complex 
Tp'PtMe2(C(O)NMe2) 3g.  At room temperature, the methyl signals on the carboxamido 
ligand are inequivalent, resonating at 2.7 and 1.6 ppm in the 1H NMR spectrum.  Unlike 
the primary carboxamido complexes 3a-f, the 13C NMR spectrum displays a sharp Pt-Me 
signal.  Cooling to 205 K or warming to 365 K did not produce a significant change in 
the 1H NMR spectrum.  We believe that in 3g, the added substituent on the carboxamido 
ligand has significantly increased the barrier for Pt-C rotation, and that only one rotamer 
is populated as demonstrated by the single, sharp 13C NMR Pt-Me signal.  As evidenced 
by the large chemical shift difference between the two carboxamido methyl signals and 
the solid state structure of 3e, the likely conformation is with the carbonyl positioned 
between the Pt-Me groups and the NMe2 group between the two equatorial pyazolyl 
rings, with one nitrogen-bound methyl directed into the aromatic pyrazolyl π electron 
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cloud and other amido methyl directed away.  In accord with Angelici’s and Kessler’s 
findings, the coalescence temperature for C-N rotation must be >365 K (92°C). 
 
Figure 2.4. NOESY NMR spectrum of 3c at 185 K. 
 
 
 
Figure 2.5.  Newman projection of 3c as viewed down the carbonyl carbon-platinum 
bond, with the platinum atom in the rear. 
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Elimination Reactions.  After hydroxide addition to the metal carbonyl in the 
WGSR mechanism, decarboxylation of the resulting metallacarboxylic acid liberates CO2 
from the metal center.  In a parallel mechanism, we postulated that deprotonation of the 
platinum carboxamido NH may prompt isocyanate elimination and leave a reactive 
anionic Pt(II) fragment that could be trapped by an electrophile.  Indeed, the addition of a 
strong base, such as lithium diisopropyl amide (LDA), to a THF solution of carboxamido 
complex 3a at -78°C followed by either methylation using methyl iodide or protonation 
using HBF4·Et2O resulted in either the trimethyl complex, Tp′PtMe3, or the dimethyl 
hydride 1, respectively (eq 4). Both the 1H and 13C NMR data of these metal products 
match literature values.46,54  The production of 1 is of particular interest since it 
represents a recyclable reagent for the coupling of carbon monoxide and an amine at the 
expense of consuming one equivalent of methyl iodide. (Scheme 2.2, eq 5).  Note that the 
electrophilic carbon of the isocyanate readily adds nucleophiles that are present in the 
reaction milieu. 
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Scheme 2.2.  Coupling CO and amines to produce isocyanate-derived products using a 
recyclable Tp′PtMe2H reagent in three discrete reaction steps. 
 
Although the platinum product was easily identified by NMR spectroscopy, the 
putative isocyanate product remained elusive regardless of the carboxamido complex 
starting material employed.  The tell-tale signature of an isocyanate is the 13C NMR 
chemical shift of the central carbon, which is typically near 120 ppm, but it is often 
difficult to identify due to its weak intensity.55-57  To assist in identification of the organic 
product, the 13C-labeled Tp′PtMe2(13C(O)NHEt) complex was prepared.  Addition of 
LDA to the C-13 labeled platinum complex in THF-d8 followed by methyl iodide 
addition revealed three new label-derived signals (at 152, 164, and 175 ppm) which are 
attributed to isocyanate reacting with LDA, diisopropylamine, and methyl iodide in 
solution.  This reactivity reflects the susceptibility of the electrophilic isocyante carbon 
toward nucleophilic attack.38,39,58   Indeed, treating ethyl isocyanate with 
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diisopropylamine cleanly and rapidly produced the urea, 1,1-diisopropyl-3-ethylurea.  
Deprotonation of the urea by LDA followed by methylation by methyl iodide generated 
the tetra-substituted urea product, 1-ethyl-3,3-diisopropyl-1-methylurea, which has a 13C 
NMR signal at 164 ppm (eq 6).  We believe the remaining two signals also arise from 
isocyanate-derived products, such as substituted biuret or cyclized urea dimers/trimers. 
Attempts to promote isocyanate elimination using non-nucleophilic bases such as NaH, 
Hünig’s base, or 1,8-bis(dimethylamino)naphthalene (proton sponge) proved 
unsuccessful. 
 
 Mechanistic Studies.  The conversion of Tp′Pt(Me)(CO) 2 to carboxamido 
complex 3 and subsequent elimination to form Tp′PtMe2H or Tp′PtMe3 mimics the 
general WGSR scheme (Scheme 2.1).  Investigation of the mechanism for these amine 
based reactions may provide insight into the WGSR sequence.  After nucleophilic attack 
on the CO ligand with an amide nucleophile, a series of protonation, deprotonation, and 
elimination steps or a direct β-H elimination must occur to generate isocyanate and a 
Pt(IV) species.  Various combinations of these steps result in five possible mechanisms 
stemming from the [Tp′Pt(Me)C(O)NHR]- anion I-1, as outlined in eq 8-12.  In the first 
two pathways (eq 7 and 8), methylation of the anion results in a six-coordinate neutral 
Pt(IV) carboxamido 3.  Deprotonation of the NH proton prompts isocyanate elimination 
and the resulting four-coordinate Pt(II) dimethyl anion I-4 is protonated to generate 
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Tp′PtMe2H 1 (eq 7).  Alternatively, direct β-H elimination from 3 could produce 1 in one 
step (eq 8). 
 
 
 A third possibility is that β-H elimination occurs first from I-1 to form the Pt(II) 
methyl hydride anion I-5 which forms 1 upon methylation (eq 9).  The final two 
pathways stem from deprotonation of I-1 to form the Pt(II) dianion, 
[Tp′Pt(Me)(C(O)NR]-2 I-6.  Loss of carbon dioxide from I-6 would result in a Pt(0) 
dianion I-7 and subsequent methylation and protonation would produce 1 (eq 10).  
Lastly, methylation of I-6 would generate the [Tp′PtMe2(C(O)NR]-1 anion I-3 which 
could lose isocyanate to form [Tp′PtMe2]- I-4 and then protonation would lead to 1 (eq 
11). 
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 We first explored the possibility of deprotonation of the [Tp′Pt(Me)(C(O)NHR]- 
anion by adding excess strong base.  Tp′Pt(Me)(CO) was treated with a THF solution 
containing 1.25 equiv of the benzyl amide anion, HNBn-.  An extra equivalent of LDA 
was added to the mixture and stirred for 30 minutes before methylation.  The resulting 
product was Pt(IV) benzyl carboxamido 3e, revealing that additional base does not 
promote further reactivity, and also suggesting that deprotonation of the anion is not a 
feasible mechanistic possibility.  In light of this result, neither eq 10 nor eq 11 is an 
attractive mechanism for the elimination of isocyanate and conversion to Tp′PtMe2H.   
 Direct β-H elimination from I-1 does not appear to be an attractive mechanism 
either, since such a pathway would imply that the Pt(IV) dimethyl hydride forms upon 
methylation without going through a carboxamido Pt(IV) complex, while in the amide 
addition reaction, we have shown that the Pt(IV) carboxamido complex forms when 
methylation occurs.   
 We sought to observe the postulated anionic I-1 intermediate by 1H NMR 
spectroscopy in order to monitor any possible Pt-H resonances.  Access to the Pt(II) 
carboxamido anion for NMR experiments allowed us to probe several important reaction 
steps.  Performing the benzyl amide addition to Tp′Pt(Me)(CO) 2 in THF-d8 cleanly 
produces the C1-symmetric anion [Tp′Pt(Me)(C(O)NHR]- as assessed by 1H NMR.  The 
Tp′ ligand displays three distinct resonances for the methine protons and six unique Tp′ 
methyl resonances.  The Pt methyl signal shifts upfield relative to the Tp′Pt(Me)(CO) 
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starting material and resonates at 0.4 ppm (2JPt-H = 81 Hz).  The C1 symmetry of the 
intermediate is also reflected in the diastereotopic methylene protons of the benzyl 
linkage in the carboxamido ligand, with each proton resonating as a doublet of doublets 
as a result of coupling to the NH proton as well as geminal coupling to each other.  The 
1H NMR spectrum does not exhibit a detectable Pt hydride signal and the anion does not 
exhibit any further reactivity until the introduction of methyl iodide to produce 3e. 
 Consistent with the formation and isolation of carboxamido complex 3, oxidation 
to Pt(IV) appears to be a requirement enroute to isocyanate elimination and formation of 
1.  Given the stability of the carboxamido complexes over a period of weeks, direct β-H 
elimination is an unattractive mechanistic route (eq 8).  Rather, deprotonation-initiated 
elimination of isocyanate from Pt(IV) remains as the most plausible mechanistic pathway 
(eq 7).  Presumably, the WGS chemistry observed from Tp′Pt(Me)(CO) proceeds in a 
similar manner and tracks the steps shown in eq 7 as depicted in Scheme 2.3.  Hydroxide 
attack at CO produces a metallacarboxylic acid anion, analogous to I-1.  In the presence 
of water, the anion is protonated at platinum to oxidize the metal center to Pt(IV).  
Hydroxide ion in solution then deprotonates the carboxylic acid, which prompts 
elimination of carbon dioxide to leave a Pt(II) methyl hydride anion.  Finally, protonation 
of this anion generates Tp′PtMeH2. 
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Scheme 2.3.  Proposed mechanism for the conversion of Tp'Pt(Me)(CO) 2 to Tp'PtMeH2. 
 
 A crucial difference between the WGS reaction conditions and the amide work 
presented here is the lack of an electrophilic oxidation source after nucleophilic addition 
to the CO ligand in the latter scenario.  Under WGSR conditions (aqueous base), the 
presence of both a base (OH-) and a proton source allows for a complete cascade from 
Tp′Pt(Me)(CO) 2 to Tp′PtMeH2.  Would the addition of water to the benzyl anion 
[Tp′Pt(Me)(C(O)NHBn]- I-1 prompt a similar cascade without isolation of a Pt(IV) 
species before elimination?  Addition of 3 equiv of water to a mixture of I-1 and benzyl 
amide (0.5 equiv) did not result in consumption of I-1.  After 9 more equiv (12 equiv 
total) of water were added, a minute Pt-H signal appeared in the 1H NMR spectrum.  The 
chemical shift and the one-bond coupling constant are consistent with data for 
Tp′PtMeH2.30  In contrast to the water addition experiment, the addition of glacial acetic 
acid cleanly and completely protonates I-1 and converts it to Tp′Pt(Me)(H)(C(O)NHBn 
I-2, the methyl hydride analogue of the dimethyl carboxamido complex 3e.  Similar to I-
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1, hydride I-2 displays C1 symmetry by 1H NMR with unique Tp′ methine and methyl 
signals.  The Pt(IV) methyl signal appears at 1.26 ppm (2JPt-H = 69 Hz) and the hydride 
resonates at -19.8 ppm (1JPt-H = 1372 Hz). 
 Why were we able to produce the methyl hydride carboxamido complex, but the 
analogous WGS-related Tp′Pt(Me)(H)(COOH) remains elusive?  The key difference 
stems from the dramatically different pKa values for the carboxylic acid OH vs. the 
carboxamido NH.  In the amide case, the NH is less acidic than the PtH and the 
thermodynamically favored deprotonation site is the Pt-H, resulting in regeneration of I-1 
(eq 12).  However, the kinetically favored acidic site may well be the NH proton, which 
is accessible in spite of the steric bulk surrounding the six-coordinate metal center.  
Furthermore, the reorganization energy for metal based deprotonation to form a Pt(II) 
species is likely to be higher than the energy required for the restructuring that would 
accompany deprotonation at nitrogen.  Deprotonation of the NH proton of the Pt(IV) 
species prompts elimination of the isocyanate molecule and formation of an anionic Pt(II) 
fragment that upon subsequent protonation accounts for the observed Tp′PtMeH2.  Under 
acidic conditions, the metal center is protonated to form the Pt(IV) hydride I-2, but the 
acetate anion is not a sufficiently strong base to deprotonate the NH proton and induce 
isocyanate elimination.   
 
 On the other hand, the OH of the metallacarboxylic acid in the WGSR is more 
acidic than the corresponding Pt-H.  In the presence of water, the [Tp′Pt(Me)(COOH)]- 
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anion is likely protonated to form Tp′Pt(Me)(H)(COOH).  Here, the carboxylic acid is the 
preferred deprotonation site which prompts carbon dioxide loss and presumably forms a 
Pt(II) anion intermediate.  Subsequent protonation by water would account for the direct 
conversion to Tp′PtMeH2.   
 Pt(IV) carbene formation.  With the carboxamido reagents in hand, we also 
wished to explore their reactivity toward carbene formation.  In a recent study of 
platinum-bound isonitrile complexes, nucleophilic methyl attack and subsequent 
methylation resulted in a series of cationic Pt(IV) carbenes.  Although cationic 
platinum(IV) carbene complexes have been proposed as key intermediates in a variety of 
metal-mediated processes, such as the insertion of diazo compounds or the 
copolymerization of CO and ethylene, the isolation of such species remains rare.59-65 
Recognizing the structural similarities to the iminoacyl complexes, would addition of an 
electrophile to 3a-f result in analogous cationic Pt(IV) carbenes?  Indeed, treating a 
methylene chloride solution of ethyl carboxamido 3a with methyl triflate and stirring for 
3 h under gentle heating at 35°C resulted in quantitative conversion to the oxygen-
methylated cationic carbene complex [Tp′PtMe2(=C(OMe)NHR][OTf] 4a without the 
need for further purification (eq 13).  The methoxy signal resonates as a singlet at 3.1 
ppm in the 1H NMR spectrum.  The platinum-bound carbon moves downfield from 150 
ppm in 3a to 175 ppm in 4a with a ca. 100 Hz increase in one-bond platinum-carbon 
coupling (1JPt,C = 1193 Hz).  These data are similar to previously reported spectral 
parameters for cationic Pt(IV) carbene complexes.35,62  Applying the same reaction 
conditions as above to complexes 3b, 3c, and 3e resulted in the corresponding carbene 
derivatives.  For the t-butyl carboxamido 3d, only 1 h at room temperature was required 
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to obtain 4d; prolonged reaction times resulted in decomposition.  Methylation of the 
phenyl derivative 3f was unsuccessful under various reaction times and temperatures. 
 Attempts to generate analogous hydroxyl carbene products through protonation of 
3a-f with HBF4·Et2O resulted in convergence to a single clean metallacarboxylic acid 
product, Tp′PtMe2COOH 5 and an ammonium salt.  We postulate that this outcome is a 
result of acid hydrolysis of the carboxamido ligand by adventitious water. 
 
 Slow diffusion of hexanes into a methylene chloride solution of 4e at 0° C 
resulted in clear, colorless crystals suitable for x-ray crystallography.  The x-ray data 
revealed two rotamers in the crystal lattice, reflecting different orientations of the benzyl 
group.   One rotamer is shown in Figure 2.6 and selected bond angles and distances are 
presented in Table 2.2.  As is true for its precursor, the structure of 4e displays a slightly 
distorted octahedral geometry, with nearly ideal angles about the metal center (86-96°).  
The Pt-Ccarbene distance is 1.997(4) Å and the Ccarbene-N is  1.301(5) Å, decreases of 0.027 
Å and 0.064 Å, respectively, from the corresponding values in the benzyl carboxamido 
precursor 3e.  Conversely, the C-O bond lengthens by 0.114 Å to arrive at 1.327 Å in the 
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methylated product.   The shortening of both the Pt-C and C-N bonds reflects the increase 
in double bond character and a resonance-stabilized carbene cation extending over the Pt-
C-N atoms.  Compared to the Pt-Cmethyl distances of 2.081 and 2.069 Å, the Pt-Ccarbene is 
significantly shorter.  The cationic carbene proves to be a weaker trans-influencing 
ligand than the methyl groups, as the pyrazolyl Pt-N distance trans to carbene (2.090 Å) 
is considerably shorter than the Pt-N bonds trans to methyl groups (2.168 and 2.175 Å).  
This is presumably due to greater donation from the Tp' apical nitrogen as a result of the 
electron deficient carbene.  Similar observations were made by Walker and Muir about 
the solid state structure of the Pt(IV) cationic carbene 
[PtCl2{C(Cl·C6H3NH)(NHMe)}(PEt3)2][ClO4], where the carbenoid ligand exerted a 
weaker trans-influence than the adjacent aryl group on the corresponding trans chloride 
ligands.63  As with the carboxamido complexes, the plane of the carbene bisects the 
methyl ligands and the two equatorial pyrazolyl rings with a N6-Pt-C1-O1 torsional angle 
of 47.5°.  Interestingly, the ligand has rotated 180° from its synthetic precursor resulting 
in the carbene methoxy  group lying between the Tp' pyrazolyl methyls while the carbene 
amine substituent lies between the two platinum-bound methyl groups. 
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Figure 2.6.  X-ray structure of [Tp′PtMe2(C(O)NHBn)][OTf] 4e.  Ellipsoids are drawn at 
the 50% probability level.  Hydrogen atoms and the triflate counterion are omitted for 
clarity.   
 
 
Table 2.2. Selected bond distances (Å) and angles (deg) for complex 4e. 
Bonds Lengths 
Pt-C1 1.997(4) Pt-N2 2.090(3) 
Pt-C10 2.081(4) Pt-N4 2.168(3) 
Pt-C11 2.069(4) Pt-N6 2.175(4) 
C1-O1 1.327(5) C1-N1 1.301(5) 
    
Bond Angles 
C1-Pt-C10 88.49(18) N2-Pt-N4 85.94(13) 
N4-Pt-C1 95.87(16) Pt-C1-N1 121.1(3) 
O1-C1-N1 111.3(4) Pt-C1-O1 127.6(13) 
N6-Pt-C1-O1 47.5   
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Summary 
A series of stable, isolable Tp'Pt(IV) carboxamido complexes has been 
synthesized via amide ion attack on the neutral platinum carbonyl precursor, 
Tp'Pt(Me)(CO), and subsequent methylation.  Such reactivity mirrors hydroxide attack 
on the same carbonyl moiety in the water-gas shift reaction.  Unlike the WGSR case 
where CO2 elimination is rapid, elimination of an organic isocyanate does not 
spontaneously follow nucleophilic addition.  This reluctance to eliminate O=C=NR is 
presumably due to the higher amide pKa, which shuts down proton transfer to the metal 
center and inhibits access to the Pt(IV) intermediate on the road to elimination.  The high 
barrier to elimination allows isolation of analogues to WGSR intermediate along the 
reaction coordinate.  Low temperature 1H and NOESY NMR data of the carboxamido 
complexes reveal a dynamic process that reflects restricted rotation about the Pt-
Ccarboxamido bond.  Addition of a strong base promotes isocyanate elimination and 
subsequent protonation at platinum regenerates Tp'PtMe2H.  Thus Tp'PtMe2H is a 
recyclable reagent for the coupling of carbon monoxide and primary amines.  In addition, 
methylation at the oxygen of the carboxamido ligand in Tp'PtMe2(C(O)NHR) results in 
rare six-coordinate Pt(IV) carbenes. 
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Experimental Section 
 
All reactions were performed under an atmosphere of dry nitrogen using standard 
Schlenk and drybox techniques.  Nitrogen was purified by passage through columns of 
BASF R3-11 catalyst and 4 Å molecule sieves. Methylene chloride, tetrahydrofuran, 
hexanes, and pentane were purified under an argon atmosphere and passed through a 
column packed with activated alumina.66  All other chemicals were used as received 
without further purification.  Alumina column chromatography was conducted with 80-
200 mesh alumina. 
1H, 31P, and 13C NMR spectra were recorded on Bruker DRX400, AVANCE400, 
or AMX300 spectrometers. 1H NMR and 13C NMR chemical shifts were referenced to 
residual 1H and 13C signals of the deuterated solvents.  Elemental analyses were 
performed by Robertson Microlit Laboratories of Madison, NJ.  High-resolution mass 
spectra were recorded on a Bruker BioTOF II ESI-TOF mass spectrometer.  Mass 
spectral data are reported for the most abundant platinum isotope.  Tp′PtMe2H 1 and 
Tp′Pt(Me)(CO) 2 were synthesized using published procedures.33,46 
 
Synthesis of TpPtMe2(C(O)NHR) Complexes 
 General Method.  A Schlenk flask containing  50 mg (0.47 mmol, 1.25 equiv) of 
LDA in 10 mL THF was cooled to -78C, and amine (0.66 mmol, 1.75 equiv) was added 
slowly.  The amide solution was allowed to warm to room temperature and was cannula 
transferred to a Schlenk flask containing 200 mg (0.37 mmol, 1 equiv) of 2 in 10 mL 
THF at -78C.  After stirring at room temperature for 30 min, 48 L (0.75 mmol, 2 equiv) 
of methyl iodide was added at -78C.  The solution was stirred at room temperature for 
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30 min and the solvent was removed in vacuo.  Impurities were removed on an alumina 
column with 1:1 hexanes:CH2Cl2 before the product was eluted with 1:3 THF:CH2Cl2.  
Removal of solvent resulted in a pale yellow powder. 
TpPtMe2(C(O)NHCH2CH3) (3a).  The general method above was performed 
using 0.33 mL (0.66 mmol, 1.75 equiv.) of a 2.0 M THF solution of ethylamine to yield 
144 mg (0.242 mmol, 64.8%) of pure 3a.  1H NMR (δ, CD2Cl2, 298 K): 5.85 (s, 2H, 
TpCH), 5.80 (s, 1H, TpCH), 5.15 (t, 1H, NH), 3.21 (m, 2H, NCH2CH3), 2.37, 2.17 (s, 
6H each, TpCH3), 2.37, 2.28 (s, 3H each, TpCH3), 1.41 (s, 6H, Pt-Me, 2JPt,H = 72 Hz), 
0.98 (t, 3H, NCH2CH3).  13C NMR (δ, CD2Cl2, 298 K): 151.5 (C=O, 1JPt,C = 1071 Hz), 
150.6, 149.9, 144.4, 144.3 (TpCCH3), 108.0, 107.5 (TpCH), 35.8 (NCH2CH3), 15.2 
(NCH2CH3), 13.8, 13.1, 12.9, 12.8 (TpCH3), -7.4 (Pt-CH3, 1JPt,C = 689 Hz).  IR(KBr): νN-
H = 3453 cm-1,  νB-H = 2557 cm-1, νC=O = 1637 cm-1.  HRMS (ESI) m/z Calc.: 727.1620 (M 
+ Cs+). Found: 727.1613.  Anal Calcd for C20H34BN7OPt: C, 40.41; H, 5.77; N, 16.49. 
Found: C, 40.68; H, 5.64; N, 16.21.   
TpPtMe2(C(O)NHCH2CH2CH3) (3b).  The general method above was 
performed using 54 L (0.66 mmol, 1.75 equiv.) of propylamine to yield 170 mg (0.28 
mmol, 74.8%) of pure 3b.  1H NMR (δ, CD2Cl2, 298 K): 5.85 (s, 2H, TpCH), 5.81 (s, 
1H, TpCH), 5.22 (bt, 1H, NH), 3.13 (m, 2H, NCH2CH2CH3), 2.39, 2.17 (s, 6H each, 
TpCH3), 2.37, 2.28 (s, 3H each, TpCH3), 1.42 (s, 6H, Pt-Me, 2JPt,H = 72 Hz), 1.37 (m, 
2H, NCH2CH2CH3), 0.83 (t, 3H, NCH2CH2CH3).  13C NMR (δ, CD2Cl2, 298 K): 152.2 
(C=O, 1JPt,C = 1079 Hz), 150.6, 149.9, 144.5, 144.4 (TpCCH3), 108.0, 107.5 (TpCH), 
43.1 (NCH2CH2CH3), 23.3 (NCH2CH2CH3), 13.9, 13.1, 12.9, 12.8 (TpCH3), 11.6 
(NCH2CH2CH3), -7.5 (Pt-CH3, 1JPt,C = 694 Hz).  IR(CH2Cl2 solution): νN-H = 3441 cm-1,  
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νB-H = 2556 cm-1, νC=O = 1620 cm-1.  HRMS (ESI) m/z Calc.: 741.1777 (M + Cs+). Found: 
741.1746.  Anal Calcd for C21H36BN7OPt: C, 41.45; H, 5.96; N, 16.11. Found: C, 41.54; 
H, 5.75; N, 15.85.   
TpPtMe2(C(O)NHCH(CH3)2) (3c).  The general method above was performed 
using 56 L (0.66 mmol, 1.75 equiv.) of isopropylamine to yield 171 mg (0.28 mmol, 
75.2%) of pure 3c.  1H NMR (δ, CD2Cl2, 298 K): 5.84 (s, 2H, TpCH), 5.80 (s, 1H, 
TpCH), 4.92 (bd, 1H, NH), 4.06 (m, 1H, NCH(CH3)2), 2.38, 2.18 (s, 6H each, TpCH3), 
2.36, 2.23 (s, 3H each, TpCH3), 1.40 (s, 6H, Pt-Me, 2JPt,H = 71 Hz), 1.01 (d, 6H, 
NCH(CH3)2).  13C NMR (δ, CD2Cl2, 298 K): 150.3 (C=O, 1JPt,C = 1063 Hz), 150.5, 149.8, 
144.4, 144.3 (TpCCH3), 107.9, 107.5 (TpCH), 42.4 (NCH(CH3)2), 22.9 (NCH(CH3)2), 
14.0, 13.1, 13.0, 12.8 (TpCH3), -7.7 (Pt-CH3, 1JPt,C = 697 Hz).  IR(CH2Cl2 solution): νN-H 
= 3432 cm-1,  νB-H = 2556 cm-1, νC=O = 1622 cm-1.  HRMS (ESI) m/z Calc.: 741.1777 (M + 
Cs+). Found: 741.1781.  Anal Calcd for C21H36BN7OPt: C, 41.45; H, 5.96; N, 16.11. 
Found: C, 41.51; H, 5.59; N, 15.73.   
TpPtMe2(C(O)NHtBu) (3d).  The general method above was performed using 
69 L (0.66 mmol, 1.75 equiv.) of tert-butylamine to yield 132 mg (0.21 mmol, 56.8%) 
of pure 3e.  1H NMR (δ, CD2Cl2, 298 K): 5.83 (s, 2H, TpCH), 5.80 (s, 1H, TpCH), 4.93 
(s, 1H, NH), 2.37, 2.22 (s, 6H each, TpCH3), 2.36, 2.26 (s, 3H each, TpCH3), 1.37 (s, 
6H, Pt-Me, 2JPt,H = 71 Hz), 1.28 (s, 9H, tBu).  13C NMR (δ, CD2Cl2, 298 K):  149.0 (C=O, 
1JPt,C = 1041 Hz), 150.2, 149.7, 144.3, 144.0 (TpCCH3), 107.8, 107.4 (TpCH), 51.9 
(C(CH3)3), 28.8 (C(CH3)3), 14.1, 13.0, 12.9, 12.8 (TpCH3), -8.8 (Pt-CH3).  IR(CH2Cl2): 
νN-H = 3457 cm-1,  νB-H = 2556 cm-1, νC=O = 1632 cm-1.  HRMS (ESI) m/z Calc.: 755.1933 
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(M + Cs+). Found: 755.1921. Anal Calcd for C22H38BN7OPt: C, 42.45; H, 6.15; N, 15.75. 
Found: C, 42.68; H, 6.03; N, 14.27. 
TpPtMe2(C(O)NHCH2Ph) (3e).  The general method above was performed 
using 74 L (0.66 mmol, 1.75 equiv.) of benzylamine to yield 180 mg (0.27 mmol, 
73.4%) of pure 3d. X-ray quality crystals were formed by slow diffusion of hexanes into 
a methylene chloride solution of 3d at 0C. 1H NMR (δ, CD2Cl2, 298 K): 7.25 (m, 5H, 
Ph), 5.79 (s, 2H, TpCH), 5.76 (s, 1H, TpCH), 5.51 (bt, 1H, NH), 4.40 (d, 2H, CH2Ph), 
2.37, 2.09 (s, 6H each, TpCH3), 2.36, 2.30 (s, 3H each, TpCH3), 1.52 (s, 6H, Pt-Me, 
2JPt,H = 72 Hz).  13C NMR (δ, CD2Cl2, 298 K):  152.2 (C=O, 1JPt,C = 1169 Hz), 150.3, 
149.7, 143.8, 143.3 (TpCCH3), 138.6 (ipso-Ph), 129.7, 128.0, 126.9 (Ph), 108.0, 107.1 
(TpCH), 52.2 (NCH2Ph, 3JPt,C = 18 Hz), 13.1, 13.0, 12.8, 12.7 (TpCH3),  -3.0 (Pt-CH3, 
1JPt,C = 679 Hz).  IR(KBr): νN-H = 3445 cm-1,  νB-H = 2557 cm-1, νC=O = 1630 cm-1. HRMS 
(ESI) m/z Calc.: 657.2800 (M + H+). Found: 657.2793.  Anal Calcd for C25H36BN7OPt: 
C, 45.74; H, 5.53; N, 14.94. Found: C, 45.48; H, 5.36; N, 14.66. 
TpPtMe2(C(O)NHPh) (3f).  The general method above was performed using 60 
L (0.655 mmol, 1.75 equiv.) of aniline to yield 135 mg (0.210 mmol, 55.0%) of pure 3f.  
1H NMR (δ, CD2Cl2, 298 K): 7.27 (m, 2H, o-Ph), 7.23 (t, 1H, p-Ph), 6.99 (s, 2H, m-Ph), 
6.94 (bs, 1H, NH), 5.89 (s, 2H, TpCH), 5.85 (s, 1H, TpCH), 2.43, 2.19 (s, 6H each, 
TpCH3), 2.41, 2.34 (s, 3H each, TpCH3), 1.54 (s, 6H, Pt-Me, 2JPt,H = 72 Hz).  13C NMR 
(δ, CD2Cl2, 298 K): 151.1 (C=O, 1JPt,C = 1117 Hz), 150.8, 150.0, 144.8, 144.6 
(TpCCH3), 139.9 (ipso-Ph,  3JPt,C = 48 Hz), 128.9, 123.8, 119.3 (Ph), 108.3, 107.8 
(TpCH), 13.7, 13.2, 13.0, 12.9 (TpCH3), -6.3 (Pt-CH3, 1JPt,C = 681 Hz).  IR(CH2Cl2 
solution): νN-H = 3418 cm-1,  νB-H = 2556 cm-1, νC=O = 1657 cm-1.  HRMS (ESI) m/z Calc.: 
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775.1620 (M + Cs+). Found: 775.1594. Anal Calcd for C24H34BN7OPt: C, 44.87; H, 5.33; 
N, 15.26. Found: C, 44.62; H, 5.20; N, 14.98.  
TpPtMe2(C(O)NMe2) (3g).  The general method above was performed using 
326 L (0.655 mmol, 1.75 equiv.) of a 2 M dimethylamine in THF solution to yield 103 
mg (0.173 mmol, 46%) of pure 3g.  1H NMR (δ, C2D2Cl4, 298 K): 5.72 (s, 2H, TpCH), 
5.71 (s, 1H, TpCH), 2.76, 1.66 (s, 3H each, NMe2), 2.31, 2.01 (s, 6H each, TpCH3), 
2.27, 2.25 (s, 3H each, TpCH3), 1.45 (s, 6H, Pt-Me, 2JPt,H = 73 Hz).  13C NMR (δ, 
C2D2Cl4, 298 K): 152.0 (C=O), 150.0, 149.4, 143.9, 143.4 (TpCCH3), 107.7, 107.0 
(TpCH), 37.4, 36.4 (NMe2), 13.1, 13.1, 12.8, 12.8 (TpCH3), -3.4 (Pt-CH3, 1JPt,C = 683 
Hz).  
 
Methylation of Carboxamido Complexes 
General Procedure.  A Schlenk flask was charged with the appropriate 
carboxamido complex 3 (0.05 mmol) and purged with nitrogen.  Methylene chloride (10 
mL) was added through the septum and the solution was cooled to -78°C.  Methyl triflate 
(1.5 equiv, 0.075 mmol) was added and the reaction was allowed to warm to 35°C and 
stirred for 3 hrs.  The solvent was removed and resulting oil triturated with pentane to 
afford the methylated product as a light yellow powder in quantitative yield. 
[TpPt=(C(OMe)NHCH2CH3)(CH3)2][OTf] (4a).  The general method above 
was performed using 30 mg (0.05 mmol) of ethyl carboxamido 3a and 8.5 μL of methyl 
triflate.  1H NMR (δ, CD2Cl2, 298 K): 8.93 (bt, 1H, NH), 5.95 (s, 2H, TpCH), 5.91 (s, 
1H, TpCH), 3.65 (q, 2H, NCH2CH3), 3.09 (s, 3H, OMe), 2.43, 2.09 (s, 6H each, 
TpCH3), 2.39, 2.37 (s, 3H each, TpCH3), 1.79 (s, 6H, Pt-Me, 2JPt,H = 65 Hz), 1.28 (t, 3H, 
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NCH2CH3).  13C NMR (δ, CD2Cl2, 298 K):  175.4 (Pt=C, 1JPt,C = 1193 Hz), 151.3, 150.0, 
146.1, 145.4 (TpCCH3), 121.0 (OTf), 109.5, 108.5 (TpCH), 61.3 (OMe, 3JPt,C = 18 Hz), 
40.4 (NCH2CH3, 3JPt,C = 33 Hz), 13.9 (NCH2CH3), 13.8, 13.4, 13.0, 12.8 (TpCH3), -2.7 
(Pt-CH3, 1JPt,C = 568 Hz).  IR(CH2Cl2 solution): νB-H = 2561 cm-1.  HRMS (ESI) m/z 
Calc.: 609.2800 (M+). Found: 609.2792.  Anal Calcd for C22H37BF3N7O4PtS: C, 34.84; 
H, 4.92; N, 12.93. Found: C, 34.60; H, 4.75; N, 12.67.   
[TpPt=(C(OMe)NHCH2CH2CH3)(CH3)2][OTf] (4b).  The general method 
above was performed using 30 mg (0.05 mmol) of n-propyl carboxamido 3b and 8.5 μL 
of methyl triflate.  1H NMR (δ, CD2Cl2, 298 K): 8.87 (bt, 1H, NH), 5.96 (s, 2H, TpCH), 
5.90 (s, 1H, TpCH), 3.55 (q, 2H, NCH2CH2CH3), 3.08 (s, 3H, OMe), 2.42, 2.08 (s, 6H 
each, TpCH3), 2.38, 2.37 (s, 3H each, TpCH3), 1.79 (s, 6H, Pt-Me, 2JPt,H = 65 Hz), 1.70 
(m, 2H, NCH2CH2CH3), 1.00 (t, 3H, NCH2CH2CH3).  13C NMR (δ, CD2Cl2, 298 K):  
175.6 (Pt=C, 1JPt,C = 1201 Hz), 151.3, 149.9, 146.0, 145.3 (TpCCH3), 121.0 (OTf), 
109.5, 108.4 (TpCH), 61.3 (OMe, 3JPt,C = 18 Hz), 46.9 (NCH2CH2CH3, 3JPt,C = 33 Hz), 
22.2 (NCH2CH2CH3), 13.7, 13.4, 13.0, 12.8 (TpCH3), 11.4 (NCH2CH2CH3), -2.8 (Pt-
CH3, 1JPt,C = 566 Hz).  IR(CH2Cl2 solution): νB-H = 2561 cm-1.  HRMS (ESI) m/z Calc.: 
623.2957 (M+). Found: 623.2948.  Anal Calcd for C23H39BF3N7O4PtS: C, 35.76; H, 5.09; 
N, 12.69. Found: C, 35.57; H, 4.82; N, 12.67.   
 [TpPt=(C(OMe)NHCH(CH3)2)(CH3)2][OTf] (4c).  The general method above 
was performed using 30 mg (0.05 mmol) of isopropyl carboxamido 3c and 8.5 μL of 
methyl triflate.  1H NMR (δ, CD2Cl2, 298 K): 8.06 (bd, 1H, NH), 5.95 (s, 2H, TpCH), 
5.91 (s, 1H, TpCH), 4.43 (m, 1H, NCH(CH3)2), 3.09 (s, 3H, OMe), 2.42, 2.08 (s, 6H 
each, TpCH3), 2.38, 2.37 (s, 3H each, TpCH3), 1.77 (s, 6H, Pt-Me, 2JPt,H = 64 Hz), 1.36 
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(m, 6H, NCH(CH3)2).  13C NMR (δ, CD2Cl2, 298 K):  175.2 (Pt=C, 1JPt,C = 1188 Hz), 
151.5, 149.8, 146.1, 145.4 (TpCCH3), 121.0 (OTf), 109.6, 108.5 (TpCH), 61.6 (OMe, 
3JPt,C = 18 Hz), 48.1 (NCH(CH3)23, 3JPt,C = 32 Hz), 21.2 (NCH(CH3)2), 13.7, 13.3, 13.0, 
12.8 (TpCH3), -2.5 (Pt-CH3, 1JPt,C = 566 Hz).  IR(CH2Cl2 solution): νB-H = 2561 cm-1.  
HRMS (ESI) m/z Calc.: 623.2956 (M+). Found: 623.2935.  Anal Calcd for 
C23H39BF3N7O4PtS: C, 35.76; H, 5.09; N, 12.69. Found: C, 35.41; H, 4.65; N, 12.45. 
[TpPt=(C(OMe)NHC(CH3)3)(CH3)2][OTf] (4d).  The general method above 
was performed using 31 mg of t-butyl carboxamido 3d (0.05 mmol) and 8.5 μL of methyl 
triflate.  The solution was stirred for 1 hour at room temperature.  1H NMR (δ, CD2Cl2, 
298 K): 6.86 (s, 1H, NH), 5.98 (s, 2H, TpCH), 5.92 (s, 1H, TpCH), 3.16 (s, 3H, OMe), 
2.43, 2.10 (s, 6H each, TpCH3), 2.39, 2.35 (s, 3H each, TpCH3), 1.70 (s, 6H, Pt-Me, 
2JPt,H = 64 Hz), 1.39 (m, 9H, N(CH3)3).  13C NMR (δ, CD2Cl2, 298 K):  178.0 (Pt=C, 1JPt,C 
= 1174 Hz), 151.1, 149.9, 146.4, 145.7 (TpCCH3), 121.0 (OTf), 109.7, 108.7 (TpCH), 
61.1 (OMe, 3JPt,C = 18 Hz), 59.2 (NC(CH3)3, 3JPt,C = 36 Hz), 28.6 (NC(CH3)3), 13.7, 13.4, 
13.0, 12.8 (TpCH3), -2.2 (Pt-CH3, 1JPt,C = 572 Hz).  IR(CH2Cl2 solution): νB-H = 2563 cm-
1.  HRMS (ESI) m/z Calc.: 637.3113 (M+). Found: 637.3109. 
[TpPt=(C(OMe)NHCH2Ph)(CH3)2][OTf] (4e).  The general method above was 
performed using 33 mg (0.05 mmol) of benzyl carboxamido 3e and 8.5 μL of methyl 
triflate.  1H NMR (δ, CD2Cl2, 298 K): 9.59 (bt, 1H, NH), 7.47, 7.34, 7.29 (m, 5H, Ph), 
5.89 (s, 2H, TpCH), 5.84 (s, 1H, TpCH), 4.65 (d, 2H, CH2Ph, 3JPt,H = 6 Hz), 2.98 (s, 3H, 
OMe), 2.37, 1.68 (s, 6H each, TpCH3), 2.35, 2.35 (s, 3H each, TpCH3), 1.75 (s, 6H, Pt-
Me, 2JPt,H = 65 Hz).  13C NMR (δ, CD2Cl2, 298 K):  176.1 (Pt=C, 1JPt,C = 1198 Hz), 151.2, 
149.9, 145.9, 145.3 (TpCCH3), 136.4 (ipso-Ph), 129.3, 128.9, 128.2 (Ph), 121.0 (OTf), 
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109.4, 108.2 (TpCH), 61.1 (OMe, 3JPt,C = 18 Hz), 48.7 (NCH2Ph, 3JPt,C = 36 Hz), 13.3, 
13.1, 12.9, 12.8 (TpCH3), -2.8 (Pt-CH3, 1JPt,C = 564 Hz).  IR(CH2Cl2 solution): νB-H = 
2561 cm-1.  HRMS (ESI) m/z Calc.: 671.2597 (M+). Found: 671.2927.  Anal Calcd for 
C27H39BF3N7O4PtS: C, 39.52; H, 4.79; N, 11.95. Found: C, 39.35; H, 4.87; N, 11.56. 
Tp′PtMe2COOH (5).  A Schlenk flask was charged with any of the carboxamido 
complexes 3a-f (1.0 equiv, 0.05 mmol) and purged with nitrogen.  Methylene chloride 
(10 mL) was added through the septum and the solution was cooled to -78°C.  
Hydrofluroboric acid (1.5 equiv, 0.075 mmol) was added and the reaction was allowed to 
warm to room temperature and stirred for 20 min.  The solvent was removed and 
resulting oil triturated with pentane to afford the platinum hydrolysis product and 
ammonium salt in quantitative conversion by 1H NMR.  1H NMR (δ, CD2Cl2, 298 K): 
5.88 (s, 2H, TpCH), 5.84 (s, 1H, TpCH), 2.39, 2.19 (s, 6H each, TpCH3), 2.38, 2.33 (s, 
3H each, TpCH3), 1.53 (s, 6H, Pt-Me, 2JPt,H = 70 Hz).  13C NMR (δ, CD2Cl2, 298 K):  
153.5 (Pt-COOH), 151.0, 150.2, 144.9, 144.8 (TpCCH3), 108.5, 107.7 (TpCH), 14.0, 
13.3, 12.9, 12.8 (TpCH3), -7.1 (Pt-CH3, 1JPt,C = 644 Hz).  IR(CH2Cl2 solution): νB-H = 
2558 cm-1.   
In situ generation of [Na][Tp′Pt(Me)(C(O)NHR)] (I-1).  In a glove box, a 5-
mL rbf was charged with LDA (6 mg, 0.058 mmol) and covered with a septum.  THF-d8 
(0.7 mL) was added through the septum and the flask was cooled to -78°C in a dry 
ice/isopropanol bath.  Benzyl amine (9 μL, 0.082 mmol) was added and the pink solution 
was stirred for 5 minutes.  An NMR tube was charged with Tp′Pt(Me)(CO) (25 mg, 0.046 
mmol).  A septum was placed on top and the tube was purged with nitrogen.  The purged 
NMR tube was cooled to -78°C and the amide solution was syringed through the septum.  
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The tube was shaken to induce mixing and the solution became yellow upon warming to 
room temperature.  1H NMR (δ, THF-d8 298 K): 7.29-7.22 (m, 5H, Ph), 6.32 (br t, 1H, 
NH), 5.84, 5.72, 5.70 (s, 1H each, Tp′CH), 4.35, 4.20 (dd, 1H each, CH2), 2.36, 2.30, 
2.22, 2.08, 2.03, 1.78 (s, 3H each, Tp′-CH3), 0.36 (s, 3H, 2JPt-H = 82 Hz, Pt-CH3). 
In situ generation of Tp′Pt(Me)(H)(C(O)NHR) (I-2).  An NMR tube sample 
containing I-1 in THF-d8 was treated with glacial acetic acid (5 μL, 0.092 mmol).  1H 
NMR (δ, THF-d8 , 298 K): 7.20-7.09 (m, 5H, Ph), 6.42 (br t, 1H, NH), 5.71, 5.67 (s, 2H, 
1H, Tp′CH), 2.32, 2.28, 2.27, 2.14, 2.05, 1.93 (s, 3H, Tp′-CH3), 1.26 (s, 3H, 2JPt-H = 69 
Hz, Pt-CH3), -19.76 (s, 1H, 1JPt-H = 1372 Hz). 
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Table 2.3: Crystal data and structural refinement parameters carboxamido complex 
TpPt((C=O)NHCH2Ph)(CH3)2 (3e). 
Chemical formula C25H36BN7OPt 
Formula weight 656.51 
Temperature 100(2) K 
Wavelength 1.54178 Å 
Crystal size 0.10 x 0.13 x 0.14 mm 
Crystal habit clear colourless block 
Crystal system triclinic 
Space group P -1 
Unit cell dimensions a = 8.1004(3) Å α = 78.606(2)° 
 b = 9.5201(3) Å β = 77.336(3)° 
 c = 18.1022(7) Å γ = 77.100(2)° 
Volume 1311.34(8) Å3  
Z 2 
Density (calculated) 1.663 Mg/cm3 
Absorption coefficient 10.253 mm-1 
F(000) 652 
Theta range for data collection 4.82 to 66.59° 
Index ranges -9 ≤ h ≤ 9, -11 ≤ k ≤ 11, -20 ≤ l ≤ 21 
Reflections collected 12697 
Independent reflections 4414 [R(int) = 0.0369] 
Coverage of indep. reflections 97.0% 
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Max. and min. transmission 0.4331 and 0.3199 
Structure solution program SHELXS-97 (Sheldrick, 2008) 
Refinement method Full-matrix least-squares on F2 
Refinement program SHELXL-97 (Sheldrick, 2008) 
Function minimized Σ w(Fo2 - Fc2)2 
Data / restraints / parameters 4414 / 0 / 324 
Goodness-of-fit on F2 1.198 
Final R indices 4161 data; I>2σ(I) R1 = 0.0403, wR2 = 0.1038 
 all data R1 = 0.0430, wR2 = 0.1051 
Weighting scheme 
w=1/[σ2(Fo2)+(0.0512P)2+4.8657P] 
where P=(Fo2+2Fc2)/3 
Largest diff. peak and hole 2.048 and -2.292 eÅ-3 
R.M.S. deviation from mean 0.162 eÅ-3 
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Table 2.4: Crystal data and structural refinement parameters carbene complex 
[Tp'PtMe2(=C(OMe)NHBn)][OTf] (4e). 
Chemical formula C27H39BF3N7OPtS 
Formula weight 820.61 
Temperature 100(2) K 
Crystal size 0.18 x 0.12 x 0.07 mm 
Crystal habit clear colourless block 
Crystal system monoclinic 
Space group P21/n 
Unit cell dimensions a = 11.5528(3) Å α = 90° 
 b = 12.9321(4) Å β = 102.983(2)° 
 c = 21.6844(6) Å γ = 90° 
Volume 3156.87(15) Å3  
Z 4 
Density (calculated) 1.727 Mg/cm3 
Absorption coefficient 9.476  mm-1 
F(000) 1632 
Theta range for data collection 8.02 to 140.04° 
Index ranges -13 ≤ h ≤ 14, -15 ≤ k ≤ 13, -26 ≤ l ≤ 22 
Reflections collected 17016 
Independent reflections 5746 [R(int) = 0.0303] 
Structure solution program SHELXS-97 (Sheldrick, 2008) 
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Refinement method Full-matrix least-squares on F2 
Refinement program SHELXL-97 (Sheldrick, 2008) 
Function minimized Σ w(Fo2 - Fc2)2 
Data / restraints / parameters 576 / 31 / 449 
Goodness-of-fit on F2 1.045 
Final R indices data; I>2σ(I) R1 = 0.0323, wR2 = 0.0811 
 all data R1 = 0.0375, wR2 = 0.0841 
Weighting scheme 
w=1/[σ2(Fo2)+(0.0186P)2+34.0157P] 
where P=(Fo2+2Fc2)/3 
Largest diff. peak and hole 2.281 and -0.582 eÅ-3 
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Chapter III 
 
C-H and C-C Bond Formation Promoted by Facile κ3/κ2 
Interconversions in a Hemilabile “Click”-Triazole 
Scorpionate Platinum System 
 
 
Introduction 
 Hemilabile ligands, in which a weakly donating group can reversibly bind to a 
metal center, have risen in prominence in metal-ligand system design due to the flexible 
coordination mode geometry and the ease of formation of unsaturated complexes, 
providing access to reactive intermediates.1,2  Such systems stand in stark contrast to 
strongly-donating ligand scaffolds that result in stable, well-defined complexes that can 
be reluctant reagents.3  Numerous multidentate ligand frameworks have been reported 
that contain weakly coordinating and readily tunable pendant functional groups that serve 
the role of reversible donors. 1-10 
For example, Lindner et. al. demonstrated that the utilization of hemilabile P,O 
chelates assists in the Co- or Rh-catalyzed carbonylation of methyl iodide by promoting 
substrate binding and CO insertion reactions through flexible ligand denticity.5,11-15  Shaw 
and co-workers have shown that a metal center’s aptitude toward oxidative addition can 
be significantly increased by the introduction of a pendant ether that can reversibly 
donate and amplify the nucleophilicity of Ir in IrCl(CO)[PMe2(o-MeOC6H4)]2.16  More 
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recently, Lassaletta et. al. have reported on κ1/κ2 interconversions in a bidentate  N,N 
ligand Ir system that promotes the catalyzed borylation of arenes.17  Furthermore, 
Jiménez and co-workers have developed Ir NHC complexes with pendant hemilabile 
ethers and amines, which are critical to the complexes’ functionality as transfer 
hydrogenation catalysts.18 
As discussed in Chapter I, our research program has focused on controlling 
interconversion between κ3 and κ2 coordination modes in the Tp′Pt system (Tp′, Figure 
3.1a).  Following the well-established trend19-28  that elimination from Pt(IV) often occurs 
from a five-coordinate intermediate, thermolysis of Tp′PtMe2H above 100°C or 
protonation at low temperature dechelates the apical Tp′ arm and results in methane 
loss.29  Despite the wide range of reactivity documented for the resulting Tp'PtMe 
fragment, we wished to promote ligand dechelation in order to readily gain access to the 
coveted five-coordinate species. 
In hopes of facilitating conversion between κ3 and κ2 coordination modes for 
scorpionate ligands, the reactivity of the neutral trispyrazolylmethane (Tpm) ligand in an 
analogous Pt system was studied.  To our surprise, [TpmPtMe2H]+ was reluctant to 
eliminate methane even at 100°C.30   It was clear that the strongly donating pyrazolyl 
rings have a profound influence on κ3/κ2 interconversions.  We therefore sought to probe 
reactions using a weaker tridentate nitrogen donor ligand that would allow coordination 
mode interconversion under mild conditions. 
Hemilabile metal-ligand frameworks have promoted organometallic reactions in 
platinum chemistry. Vedernikov and co-workers have developed and employed the 
hemilabile di(2-pyridyl)methane sulfonate (dpms) ligand to extensively study metal-
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carbon functionalization using a Pt(II)/Pt(IV) system in aqueous media.7,31-37  Similar to 
the monofunctional Tp′ ligand, the proximal sulfonate group assists in stabilizing 
oxidized Pt(IV) species enroute to functionalized products.  In a similar manner, the 
dipyridylketone ligand readily adds nucleophiles to create an anionic ligand that can be 
either bidentate or tridentate.38,39 
Recently, Lammertsma and co-workers employed copper catalyzed azide-alkyne 
cycloaddition40-42 (CuAAC) in the synthesis of tris(1-phenyl-1H-1,2,3-triazol-4-
yl)phosphine oxide (L1) (Figure 3.1b), a neutral, symmetrical 1,2,3-triazolyl-based 
tridentate ligand, which we will abbreviate as TtPh.43  Despite the wide versatility and 
efficiency of the CuAAC reaction, utilization of 1,2,3-triazole-containing N-donor 
chelating ligands in transition metal complexes is rare.44-50  Anticipating weak donation 
from the triazole ring compared to pyrazole and increased electrophilicity of a P=O 
backbone over B-H and C-H, we were attracted to the potential of employing TtPh to 
generate analogs of the Tp′PtR fragment under mild conditions.  In this chapter, we report 
the synthesis of a series of TtR Pt complexes and their reactivity built upon κ3/κ2 
coordination mode flexibility, including C-X oxidative addition, C-H reductive 
elimination, and C-C reductive coupling, all accessible at ambient temperatures. 
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Figure 3.1.  The Tp′ (a) and TtR (b) tridentate ligands. 
 
 
Results and Discussion 
Synthesis and Metallation of TtR.  Following Lammertsma’s method, TtPh L1 
was synthesized via the CuAAC reaction between trisethynyl phosphine oxide and 
phenyl azide.43  In a similar fashion, tris(1-cyclohexyl-1H-1,2,3-triazol-4-yl)phosphine 
oxide (TtCy) L2 was prepared using cyclohexyl azide.  The aromatic triazolyl proton of 
the rings in L1 and L2 resonates in the 1H NMR spectra at 8.8 ppm and 8.2 ppm, 
respectively, and serves as an excellent NMR symmetry handle.  
The addition of TtPh or TtCy to a methylene chloride solution of [Pt(CH3)2(SMe2)]2 
results in displacement of the bridging dimethyl sulfide ligands and formation of κ2 
square planar complexes, κ2-TtPhPt(CH3)2 (1-L1) or κ2-TtCyPt(CH3)2 (1-L2) (eq 1), in 
which two triazolyl rings bind through the N3 position.  The crude mixtures were 
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chromatographed to obtain the κ2 products as air-stable light yellow solids in 61% and 
68% yield, respectively.   
 
In accord with weak donation anticipated for the triazolyl ring, it should be noted 
that the TtR ligand readily cleaves the bridges of the platinum dimer, but it does not 
readily displace dimethyl sulfide present in the resulting monomer, Pt(CH3)2(SMe2)2.  
Instead, when more than one equivalent of TtR is added to [Pt(CH3)2(SMe2)]2, the first 
equivalent rapidly coordinates to one half of the platinum in the dimer, while an 
equilibrium is established for the remaining platinum that reflects competition between 
TtR and dimethyl sulfide to bind to Pt(II).  Indeed, addition of dimethyl sulfide to clean 1 
results in a mixture of bound and free TtR (eq 2).  Attempts at heating the mixture to drive 
off the free dimethyl sulfide were unsuccessful and led to decomposition and undesired 
side reactions. 
 
The 1H NMR spectrum of κ2-TtPhPt(CH3)2 (1-L1) reveals a 2:1 ratio for the 
triazolyl proton resonances, and a single signal for the two Pt-Me groups, indicating a Cs 
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symmetric complex.  The rather large chemical shift difference of 1 ppm between the two 
triazolyl proton resonances demonstrates that the apical arm is in a significantly different 
chemical environment, consistent with a κ2 coordination mode.  The Pt-Me resonance at 
0.9 ppm with 2JPt-H = 88 Hz is compatible with data for other Pt(II)-Me resonances.51-53  
The phosphine oxide resonance in the 31P NMR spectrum moves slightly upfield from -
5.7 ppm for free TtPh to -8.4 ppm when two scorpionate arms bind to the metal.   It is 
noteworthy that the 1JP-C value at the dome of the scorpionate umbrella is dependent upon 
the binding of the triazolyl ring, so this coupling constant serves as a convenient 
spectroscopic probe of coordination mode.  In 1-L1, 1JP-C is 167 Hz for the lone unbound 
arm while 1JP-C  decreases to 151 Hz for the two coordinated rings.  Similar NMR 
characteristics were observed for the corresponding 1-L2 dimethyl complex.  Analogous 
diphenyl complexes κ2-TtPhPt(Ph)2  (2-L2) and κ2-TtCyPt(Ph)2 (2-L2) were prepared in the 
same manner using [Pt(Ph)2(SEt2)2]2 as a platinum source, resulting in 56% and 74% 
yields by TtR ligand (R = Ph and Cy), respectively.   
Cationic Pt(IV) alkyl and allyl complexes.  Treatment of the dimethyl κ2 
complex 1 with electrophilic alkyl and allyl reagents resulted in oxidation of the metal 
center to form isolable octahedral platinum(IV) cations 3a-e (eq 3) in quantitative yield 
by 1H NMR.  All compounds were characterized by 1H, 13C, and 31P NMR spectroscopy. 
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Addition of either methyl triflate or methyl iodide to 1-L1 resulted in a trimethyl 
species of the type [(κ3-TtPh)PtMe3][X] (X = OTf or I).  The 1H NMR spectrum of [(κ3-
TtPh)Pt(CH3)3][OTf] (3a-L1) shows a single resonance at 9.4 ppm for the three triazolyl 
ring protons, indicating an ascent in symmetry to the C3v point group.  The Pt-Me 
resonance moves downfield to 1.5 ppm and is consistent with other reported systems 
involving Pt(II)/Pt(IV) oxidations.54-57 
Slow diffusion of hexanes into a methylene chloride solution of 3a-L1 (after 
counterion exchange with [Na][ B(3,5-(CF3)2C6H3)4] (NaBAr′4)) produced clear, 
colorless hexagonal crystals that were suitable for X-ray crystallography.  Figure 3.2 
shows the x-ray structure of 3a-L1, which adopts an octahedral geometry with a κ3 
coordination mode of the TtPh ligand.  The Pt-C bond lengths (2.039-2.045 Å) are 
consistent with other LPtMe3 (L = tridentate donor) complexes.58,59  This distance, in 
conjunction with the 2JPt,H value of 74 Hz, is in good agreement with the well-defined 
trend highlighted by Goldberg et. al. that correlates shorter Pt-C distances  (≤2.05 Å) due 
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to a weakly donating trans ligands with larger two-bond couplings (>70 Hz) in Pt(IV)-Me 
compounds.58  Comparison of the Pt-N distance in [TtPhPtMe3][BAr′4] to both Tp′PtMe3 
and [TpmPtMe3][I] reveals a consistent pattern of slight lengthening, roughly 0.02 Å, that 
is also compatible with less donation from the 1,2,3-triazole.58,59  The angles around the 
platinum center are slightly distorted from ideal; both the N-Pt-N angles (85-86°) and the 
C-Pt-C (87-89°) are slightly pinched, resulting in larger C-Pt-N angles (92-94°).  All 
three phenyl groups of the TtPh ligand are twisted from their respective triazolyl ring 
plane, with two rotated 28° and 29° in the same direction, while the other is tilted 36° in 
the opposite direction.  
 
 
Figure 3.2.  X-ray structure of [TtPhPtMe3][BAr′4] 3a-L1.  Ellipsoids are drawn at the 
50% probability level.  Hydrogen atoms, the BAr′4 counterion, and cocrystallized CH2Cl2 
are omitted for clarity. 
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Table 3.1. Selected bond lengths (Å) and angles (deg) for complex 3a-L1. 
 
Bonds Lengths 
Pt(1)-C(1) 2.039(3) Pt(1)-N(1) 2.189(2) 
Pt(1)-C(2) 2.043(3) Pt(1)-N(2) 2.168(2) 
Pt(1)-C(3) 2.045(3) Pt(1)-N(3) 2.175(2) 
P(1)-O(1) 1.468(2)   
    
Bond Angles 
C(1)-Pt(1)-C(2) 87.32(12) N(1)-Pt(1)-N(2) 85.30(9) 
C(2)-Pt(1)-C(3) 87.59(13) N(2)-Pt(1)-N(3) 86.08(9) 
C(3)-Pt(1)-C(1) 88.81(12) N(3)-Pt(1)-N(1) 85.92(9) 
C(1)-Pt(1)-N(3) 
C(2)-Pt(1)-N(1) 
92.18(10) 
93.97(11) 
  
C(3)-Pt(1)-N(2) 93.36(11)   
 
 
In a similar manner to 3a, [TtRPtMe2Et][X] (3b) was prepared by addition of ethyl 
triflate or ethyl iodide to 1.  The ethyl complexes maintain the mirror plane present in 
their κ2 precursors and exhibit a 2:1 ratio for the triazolyl proton resonances in the 1H 
NMR, but the two signals are much closer in chemical shift (ca. 0.1 ppm difference), no 
doubt reflecting κ3 coordination with an alkyl ligand trans to each nitrogen donor.  In 3b-
L1, the methylene protons of the ethyl group appear as a quartet at 2.4 ppm with Pt 
satellites (2JPt-H = 75 Hz), while the beta protons resonate as a triplet at 0.9 ppm (3JPt-H = 
56 Hz).  The ability to use primary halides for alkylation of Pt(II) was further 
demonstrated with 1-iodopropane.  Treatment of 1 with 1-iodopropane resulted in 
[TtRPtMe2nPr][I] (3c).  However, the reaction was significantly slower than the methyl 
and ethyl analogs and required stirring overnight at room temperature for completion. 
1 was treated with allyl iodide, 3-bromo-2methylpropene, or benzyl iodide to 
form the corresponding Pt(IV) σ-allyl or σ-benzyl complexes 3d-3f.  The synthesis of 3e 
and 3f was performed in the presence of 1.3 equiv. AgBF4 to form the tetrafluoroborate 
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salt.  [TtPhPtMe2(CH2CH=CH2)][I] (3d-L1) exhibits the characteristic 2:1 ratio and close 
chemical shift values of the triazolyl protons, and a downfield Pt-Me chemical shift is 
observed at 1.6 ppm consistent with a Pt(IV) complex with a κ3 TtPh coordination mode.  
The allyl region of the 1H NMR (Figure 3.3) displays a typical α-olefin pattern of η1-allyl 
ligands including a doublet for the equivalent methylene protons and large two-bond 
coupling to platinum, 2JPt-H = 96 Hz.  Platinum coupling (ca. 20 Hz) is also observed 
across the allyl backbone to both the cis and trans protons four bonds removed from the 
metal center.  NMR spectra of both the methyl-substituted allyl (3e) and benzyl (3f) 
complexes are consistent with data obtained for 3d. 
  
 
Figure 3.3.  Allyl region of 3d-L1 in the 1H NMR spectrum.    
 
Slow diffusion of hexanes into a methylene chloride solution of 3d-L1 (after 
counterion exchange with NaBAr′4) produced clear, colorless hexagonal crystals that 
were suitable for X-ray crystallography.  The x-ray data revealed two isomers in the 
crystal lattice, reflecting different orientations of the allyl ligand in the solid state.   
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Figure 3.4 shows the x-ray structure of one of the orientations of 3d-L1 which, like 3a-
L1, adopts an octahedral geometry with a κ3 coordination mode of the TtPh ligand.  A 
complete listing of bond angles and distances are listed in Appendix D. 
 
Figure 3.4.  X-ray structure of [TtPhPtMe2(CH2CH=CH2)][BAr′4] 3d-L1.  Ellipsoids are 
drawn at the 50% probability level.  Hydrogen atoms, the BAr′4 counterion, and 
cocrystallized CH2Cl2 are omitted for clarity.   
 
 Analogous diphenyl alkyl complexes were prepared using 2-L1 and 2-L2 as starting 
materials.  Methylation of the κ2 complexes using methyl triflate or methyl iodide 
resulted in complexes of the type [TtRPtPh2Me][X] (X = OTf or I) (4a).  The Pt-Me 
resonance moves significantly downfield to 2.3 ppm (2JPt-H = 74 Hz) as a result of 
deshielding by the two adjacent aromatic rings.  Reaction of 2 with ethyl triflate or ethyl 
iodide produced the expected diphenyl ethyl complexes, [TtRPtPh2Et][X] (X = OTf or I) 
(4b).   However, addition of 1-iodopropane did not result in oxidative addition even at 
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longer reaction times.  The presence of metal bound aromatic rings clearly reduced the 
nucleophilicity of the metal center relative to the Pt(II) dimethyl case. 
 Synthesis of [TtRPtMe2H]+.  The addition of alkyl or allyl electrophiles to the κ2-TtR 
complexes demonstrated that the metal center is susceptible to oxidation to form stable 
Pt(IV) products.  With this reactivity in mind, we sought to form an analogous dimethyl 
hydride complex for comparison with Tp′PtMe2H.  Reaction of 1-L1 with mild H+ 
sources such as NH4Cl or HOAc did not produce the desired [TtPhPtMe2H]+.   Protonation 
using a strong acid, HBF4·Et2O, was required to generate [TtPhPtMe2H][BF4] (5-L1) (eq 
4).   
 
 
 
5-L1 exhibits a hydride signal at -19.9 ppm with large Pt coupling, 1JPt-H = 1541 
Hz.  The one-bond Pt-H coupling is an indirect probe of the strength of the trans ligand 
bond to platinum, and in Tp′PtMe2H the coupling is 1360 Hz, so the triazole in TtPh is 
indeed a weaker donor than the pyrazole in Tp′.60  In the TtCy analog [TtCyPtMe2H][BF4] 
(5-L2), 1JPt-H is 1519 Hz, indicating that the TtCy ligand is a slightly stronger donor than 
TtPh.   
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 Slow diffusion of hexanes into a methylene chloride solution of [5-L1][BAr'4] (using 
HBAr'4 as the proton source) produced clear, colorless hexagonal crystals that were 
suitable for X-ray crystallography.  The x-ray data confirmed the identity of 5-L1, but 
displayed disorder among the two methyls and the hydride ligand, resulting in each site 
being 2/3 occupied by a methyl group.  Figure 3.5 shows an overlay of the three possible 
orientations and a complete listing of bond lengths and angles can be found in Appendix 
E. 
 
Figure 3.5.  X-ray structure of [TtPhPtMeH][BAr′4] 5-L1.  Ellipsoids are drawn at the 
50% probability level.  Hydrogen atoms, the BAr′4 counterion, and cocrystallized CH2Cl2 
are omitted for clarity. 
 
 
 In the EXSY NMR spectrum (Figure 3.6) of 5-L1, an off-diagonal crosspeak with 
platinum satellites is present that correlates the Pt-H and the Pt-CH3 signals.  This peak is 
in-phase with the diagonal signals, indicating slow exchange on the NMR time scale 
rather than distance dependent Nuclear Overhauser Effects.61  Exchange between the 
hydride and methyl protons indicates a dynamic metal-ligand system at room 
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temperature, and we postulate that this exchange proceeds through a low-barrier 
dechelation of the apical TtR ligand arm to generate a five-coordinate complex that can 
reductively couple H and CH3 to form an agostic methane adduct.  Such species are often 
proposed intermediates in metal-mediated processes involving C-H addition or 
elimination.62,63  Rotation of the bound methane and oxidative addition of a different C-H 
bond followed by κ2/κ3 conversion completes the exchange of the methyl and hydride 
positions.  Methane loss can occur directly from the putative η2-CH4 adduct as verified by 
the presence of small amounts of methane at ca. 0.2 ppm in the 1H NMR spectrum.64 
 
Figure 3.6. EXSY NMR spectrum of 5-L1.   
 
 
This interconversion process was confirmed by the addition of excess D2O and 
monitoring the 1H NMR spectrum.  Initial spectra indicate that deuterium is incorporated 
into the acidic hydride position.  After 5 minutes, a new methyl signal begins to appear 
due to the formation of Pt-CDH2.  As deuterium incorporation proceeds, the Pt-CH3 
signal continues to decrease in intensity while the Pt-CDH2 and, later, Pt-CD2H signals 
appear and grow (Figure 3.7).  After 30 minutes, the upfield region of the 1H NMR 
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displays various CHnD4-n (n = 4, 3, or 2) methane isotopologues (Figure 3.8) due to 
methane loss from the deuterated dimethyl hydride cation. The proposed mechanism for 
deuterium incorporation (Scheme 3.1) proceeds as described above, which is analogous 
to deuterium incorporation in the related Tp′Pt(CH3)D.29 
 
 
Figure 3.7. Methyl and hydride regions of the 1H NMR spectrum in 5-L1 after  
addition of excess D2O. 
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Figure 3.8. Methane region of the 1H NMR spectrum in 5-L1 30 minutes after the 
addition of excess D2O. 
 
 
Scheme 3.1. Proposed mechanism for deuterium incorporation into the methyl position. 
 
 
 
 Reductive elimination from [TtRPtMe2H]+.  Given the dynamic nature of the 
[TtRPtMe2H]+ reagents, we wanted to drive the interconversion to the κ2 form and favor 
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methane loss from the unsaturated five-coordinate intermediate under mild conditions.  
Indeed, heating 5 at 35°C under a CO atmosphere for 2 h resulted in conversion to the 
cationic carbon monoxide complexes, [TtRPtMe(CO)][BF4] (6) (eq 5) in good yield 
(86%) by 1H NMR.  The solution IR spectra of 6-L1 and 6-L2 reveal a strong CO band at 
2124 cm-1 and 2117 cm-1, respectively.  These high CO stretches (approaching that of 
free CO at 2139 cm-1) indicate an exceptionally electron deficient metal center, 
reiterating that the triazolyl ligand is a weak donor.  In Tp′PtMe(CO), two distinct CO 
stretches (2065 and 2081 cm-1) were observed that reflect the presence of both four-
coordinate κ2 and five-coordinate κ3 isomers.65  The existence of only one CO stretch in 6 
along with the high electrophilicity at platinum is compatible with observation of solely 
the κ3 form.  The 1H NMR spectrum of 6-L1 displays a 2:1 ratio for the triazolyl 
resonances and Pt-Me signal at 1.4 ppm (2JPt-H = 74 Hz) and suggests a Cs symmetric 
bipyramidal geometry.  The 13C NMR spectrum contains the characteristic downfield 
metal carbonyl resonance at 161.3 ppm. 
 
 Addition of nucleophiles to the related Tp'Pt(Me)(CO) complex resulted in attack of 
the CO ligand to produce clean, isolable Pt(II) products.66  In an effort to observe similar 
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reactivity from 6, a variety of C- and O-based nucleophiles, such as methyl lithium and 
sodium methoxide, were added to a THF solution of 6.  Rather than addition to the Pt 
bound CO, decomposition and TtCy ligand displacement occurred, as evidenced by free 
TtCy in the 1H NMR spectrum.  In an attempt to observe addition products at low 
temperature, 6 and LiBEt3H were mixed in THF-d8 at -40°C.  A small singlet at 11.3 ppm 
appeared in the 1H NMR spectrum, indicative of an aldehyde entity.  However, warming 
the sample to room temperature resulted in decomposition, similar to that observed with 
other nucleophiles.   
 Applying the same reaction conditions for the formation of 6 but using ethylene in 
place of carbon monoxide as the trapping gas generated η2-ethylene complexes, 
[TtRPtMe(η2-C2H4)][BF4] (7a) (eq 5).  The 13C NMR spectra of 7a-L1 reveal 1JP-C  values 
of 153 Hz and 150 Hz for the apical and equatorial nitrogen donors, respectively, 
indicating that all three triazolyl arms are bound with a trigonal bipyramidal geometry 
about the platinum center, similar to that of 6. The four olefinic protons in both of these 
complexes appear as a singlet (2JPt-H = 79 and 81 Hz, respectively), reflecting rapid 
rotation about the metal-ligand bond that averages the up and down (relative to the axial 
nitrogen) olefin signals.  Variable temperature NMR studies reveal that the olefin is static 
at 220 K in 7a-L1, with two separate resonances as a result of inequivalent sites for the 
up and down protons of the bound alkene (Figure 3.9).  The coalescence temperature for 
this process was found to be 239 K for 7a-L1, which translates to a rotation barrier of 
11.1 (±0.2) kcal/mol.  The TtCy analog, 7a-L2, had a coalescence temperature of 248 K 
and rotation barrier of 11.5 (±0.2) kcal/mol.  Presumably the TtCy ligand is slightly more 
electron rich and enhances backbonding to the olefin in the ground state geometry.  
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Figure 3.9.  Variable temperature NMR study of ethylene rotation in 7a-L1 (a)  
and 7a-L2 (b). 
 
 The scope of the methane elimination/trapping sequence was expanded using the TtPh 
ligand and a series of substituted olefins.  Heating 5-L1 at 35°C for 4 h under an 
atmosphere of propylene, cis-2-butene, trans-2-butene, or isobutylene produced the 
corresponding η2 olefin complexes 7b-e in 74-78% yield by 1H NMR.  [TtPhPtMe(η2-
propylene)][BF4] (7b) displays three unique resonances in a 1:1:1 ratio for the triazolyl 
protons, reflecting the descent to C1 symmetry.  In both the cis-2-butene and trans-2-
butene complexes 7c-L1 and 7d-L1, the olefinic region of the 1H NMR spectra displays 
two broad resonances at 298 K and indicates that room temperature is slightly below the 
coalescence temperature for rotation.  However, in the isobutylene adduct 7e-L1, both 
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olefinic protons as well as both methyl groups appear as sharp singlets, revealing rapid 
rotation at room temperature. 
Biphenyl Formation via C-C Reductive Coupling.  Addition of allyl iodide or 
benzyl bromide to the diphenyl precursor 2 resulted in the expected product, 
[TtRPtPh2R][I] (R = allyl 4c, benzyl 4d), and these Pt(IV) complexes are analogous to 
their dimethyl counterparts.  However, while 3d and 3f are unreactive, complexes 4c and 
4d undergo reductive C-C coupling to cleanly produce biphenyl and this reaction is 
accompanied by release of TtR.  The rate of reaction was found to be heavily influenced 
by the identity of the triazolyl ligand; elimination from the TtPh allyl complex 4c-L1 was 
complete within 15 minutes at room temperature while the TtCy complex 4c-L2 proceeds 
slowly overnight.  Counterion exchange using AgBF4 shuts down the biphenyl 
production and results in an isolated, stable complex (eq 6). 
 
 Kinetic studies on the conversion of [4c-L2][I], which is formed rapidly in situ upon addition 
of allyl iodide to 2, to biphenyl and free TtCy ligand were performed with 1H NMR spectroscopy 
by monitoring the appearance of biphenyl.  The kinetics of this reaction were studied over a 
temperature range from 290 to 320 K; the reaction displayed second-order kinetics.  The rate at 
300 K was found to be 1.29 (±0.03) x 10-4 M-1s-1, giving rise to a ΔG‡300 K value of 22.9 (±0.2) 
kcal/mol.  An Eyring plot (Figure 3.10) was constructed using rate constants from this 
temperature range; ΔH‡ and ΔS‡ are 19.1 (± 1.0) kcal/mol and -12.6 (± 4) eu, respectively. 
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Figure 3.10.  Eyring plot of biphenyl formation from 4c-L2. 
 
 We believe that the mechanism for biphenyl elimination from 4c involves a sequence 
that is some combination of ligand dechelation, iodide addition, and η1 to η3 allyl 
rearrangement.  Combinations of these simple steps lead to six different pathways 
(Scheme 3.2).  In all cases, the initiating step is a low-barrier κ3 to κ2 conversion to 
generate an unsaturated five-coordinate intermediate.  The κ2 complex can be trapped by 
either a σ to π-allyl wrap to produce intermediate I-1 or by coordination of the iodide 
counterion to form I-2.  Both I-1 and I-2 could undergo a reversible κ2 to κ1 conversion 
to lose the second arm of the TtR ligand and again be trapped by either iodide (Path A) or 
the allyl (Path C), respectively.  Loss of the third TtR arm produces an unsaturated 
intermediate from which biphenyl elimination can occur along with generation of the 
iodide-bridged π-allyl dimer I-7.  Alternatively, biphenyl elimination could occur after 
the κ2/κ1 conversion from I-1 (Path B) or I-2 (Path D) and the resulting three-coordinate 
Pt(II) fragment could be trapped with iodide or allyl, respectively, to also yield I-7.  The 
formation of π-allyl dimer is supported by the appearance of a doublet at 1.5 ppm with Pt 
R² = 0.98
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satellites (2JPt,H = 65 Hz) and a broad signal at 3.7 ppm while monitoring the reaction 
using 4c-L1 as the starting material.  The two signals correlate to each other in the 1H,1H-
COSY NMR spectrum.  However, the dimer begins to decompose to Pt0 shortly after 
formation.   
The remaining two pathways stem from Csp2-Csp2 elimination directly from the 
initial five-coordinate intermediate to generate a three-coordinate fragment which, again, 
can be trapped by either the iodide counterion (Path E) to form I-4 or conversion from a 
σ to π-allyl wrap (Path F) to form I-5.  A second iteration of κ2/κ1 TtR conversions and 
trapping yields the Pt dimer I-7. 
It should be noted that the diphenyl methyl complex 4a does not result in C-C 
bond formation which, along with the inertness of the 4c BF4 counterion complex, 
indicates that the iodide counterion and the allyl are both critical components to biphenyl 
production.  Assuming that the C-C coupling is not a reversible mechanistic step, this 
would rule out Paths B, D, E, and F.  We believe that the second-order kinetics indicate 
that the bimolecular reaction of the complex cation with the iodide counterion occurs on 
the way to the transition state.  Thus the components present in the rate determining step 
cannot be used to rule out either Path A or Path C.  However, the former may be more 
appealing due to the proximity of an internal allyl trap in competition with a bimolecular 
trapping with iodide.  The negative entropy of activation value suggests that the trapping 
by iodide preceds the reate determining step.  This would imply that the Csp2-Csp2 
reductive elimination step proceeds after this r.d.s. and must be less than the measured 
19.1 kcal/mol.  Previously, 17.7 kcal/mol was  reported for the enthalpy of activation for 
elimination from a Pt(II) metal center to give biaryl and Pt(0) products.67 
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Scheme 3.2. Possible mechanistic pathways for the elimination of biphenyl from 4c. 
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Summary 
 A series of platinum complexes bearing tridentate facially-coordinating “Click”-
triazole scorpionate ligands (TtR) has been synthesized.  These hemilabile ligands allow 
for a significantly lower barrier for κ3/κ2 interconversions compared to the strongly-
donating pyrazolyl-based Tp′. The addition of R+ or H+ reagents to the κ2-coordinated 
precursors TtRPtR2 results in an oxidized metal center to which the once-free apical 
triazolyl arm can rapidly and reversibly bind.  Mild heating of the cationic TtR dimethyl 
hydride complexes at 35°C suffices for conversion to an unsaturated five-coordinate 
species from which C-H reductive elimination and methane loss occurs.  In the TtR 
diphenyl σ-allyl reagents, the weakly donating TtR ligand works in cooperation with the 
allyl fragment to produce Csp2-Csp2 coupled products.  This work demonstrates the 
hemilability of the 1,2,3-triazole functionality and highlights their potential use in 
symmetrical or hybrid multidentate ligand-metal system design. 
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Experimental Section 
Materials and Methods 
 All reactions were performed under an atmosphere of dry nitrogen using standard 
Schlenk and drybox techniques.  Nitrogen was purified by passage through columns of 
BASF R3-11 catalyst and 4 Å molecule sieves. Methylene chloride, hexanes, and pentane 
were purified under an argon atmosphere and passed through a column packed with 
activated alumina.68  All other chemicals were used as received without further 
purification.  Silica column chromatography was conducted with 230-400 mesh silica gel 
and alumina column chromatography was conducted with 80-200 mesh alumina. 
1H, 31P, and 13C NMR spectra were recorded on Bruker DRX400, AVANCE400, 
or AMX300 spectrometers. 1H NMR and 13C NMR chemical shifts were referenced to 
residual 1H and 13C signals of the deuterated solvents.  Elemental analyses were 
performed by Robertson Microlit Laboratories of Madison, NJ.  High-resolution mass 
spectra were recorded on a Bruker BioTOF II ESI-TOF mass spectrometer.  Mass 
spectral data are reported for the most abundant platinum isotope.  Tris(1-phenyl-1H-
1,2,3-triazol-4-yl)phosphine oxide (TtPh) 43 (L1), [Pt(CH3)2(SMe2)2]269, 
[Pt(C6H5)2(SEt2)2]270, [Na][B(3,5-(CF3)2C6H3)4] (NaBAr′4)71, [H(OEt2)2][B(3,5-
(CF3)2C6H3)4] (HBAr′4)71, benzyl iodide72, and tris(ethynyl)phosphine oxide43 were 
synthesized using published procedures.   
 
Synthesis of TtCy 
Cyclohexyl azide.  A modified version of Sharpless’s procedure was performed.73  
Sodium azide (1.3 g, 20 mmol) and potassium iodide (0.034 g, 0.2 mmol) were added to 
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a 7 mL DMF solution of cyclohexyl bromide (1.4 mL, 11.6 mmol).  The reaction mixture 
was refluxed overnight at 90°C.   Water (20 mL) was added to the crude mixture and the 
product was extracted with diethyl ether (40 mL).  The organic layer was washed with 
H2O (8 x 20 mL).  The ether solution was dried over MgSO4 and the solvent was 
evaporated to produce cyclohexyl azide (1.00 g, 8.0 mmol ) as a yellow oil in 69% yield. 
Tris(1-cyclohexyl-1H-1,2,3-triazol-4-yl)phosphine oxide (TtCy) (L2).  A 
modified version of Lammertsma’s synthesis of TtPh was performed.2  Sodium ascorbate 
(0.80 mL of a 1 M aqueous solution, 0.8 mmols) and CuSO4 (0.35 mL of a 2 M aqueous 
solution, 0.7 mmol) were added to a suspension of tris(ethynyl)phosphine oxide (0.530 g, 
4.4 mmol) and cyclohexyl azide (1.7 g, 13.6 mmol) in 8 mL of a 1:1 mixture of H2O and 
tBuOH.  The reaction was allowed to stir overnight at room temperature.  The cloudy, 
peach-colored crude reaction mixture was extracted with CH2Cl2 and dried over MgSO4.  
The mixture was then passed through a Celite plug, the solvent was evaporated, and the 
resulting oil was triturated with pentane to produce TtCy (2.1 g, 4.2 mmol) as a white 
powder in 93% yield.  
For simplicity in presenting NMR data, the carbon atoms of the cyclohexyl group 
are designated by the labeling scheme in Figure 3.11. 
 
Figure 3.11.  Carbon labels in the cyclohexyl group of the TtCy ligand. 
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 1H NMR (CD2Cl2, 300 K, δ): 8.24 (s, 3H, TtCyCH), 4.50 (m, 3H, CA-H), 2.23-1.33 (m, 
30H, cyclohexyl). 31P{1H}  NMR (CD2Cl2, 291 K, δ):  -6.6 (s, 1P, TtCyP=O).  13C{1H} 
NMR (CD2Cl2, 300 K, δ): 140.8 (d, 3C, O=PC, 1JP-C = 157 Hz), 129.1 (d, 3C, O=PCCH, 
2JP-C = 29 Hz),  61.0 (s, 3C, CA), 33.9 (s, 6C, CB) 25.5 (s, 6C, CC), 25.4 (s, 3C, CD).  Anal. 
Calcd for C24H36N9OP: C, 57.93; H, 7.29; N, 25.33; Found: C, 58.00; H, 7.21; N, 25.16. 
 
Synthesis of κ2-TtRPt(R′)2 complexes. 
(κ2-TtPh)Pt(CH3)2   (1-L1).  [Pt(CH3)2(SMe2)2]2 (0.040 g, 0.070 mmol) and TtPh 
(0.033 g, 0.070 mmol) were placed in a Schlenk flask under nitrogen.  CH2Cl2 (10 mL) 
was added through the septum and the reaction mixture was stirred 30 min at room 
temperature.  After removal of the solvent, the resulting oil was chromatographed on 
silica gel.  The column was first flushed with ethyl acetate and this was followed by 
methanol.  The methanol eluant was collected, and the solvent was evaporated to produce 
(κ2-TtPh)Pt(CH3)2 (0.020 g, 0.030 mmol) as a pale yellow solid in 61% yield (by TtPh 
ligand).  1H NMR (CD2Cl2, 288 K, δ): 9.91 (s, 1H, TtPhCH), 8.82 (s, 2H, TtPhCH), 7.80-
7.58 (m, 15H, TtPhC6H5), 0.91 (s, 6H, 2JPt-H = 88 Hz, Pt-CH3). 31P{1H}  NMR (CD2Cl2, 
293 K, δ):  -8.4 (s, 1P, TtPhP=O, 3JPt-P = 26 Hz ).  13C{1H} NMR (CD2Cl2, 293 K, δ): 
139.1 (d, 1C, O=PC, 1JP-C = 167 Hz), 138.2 (d, 2C, O=PC, 1JP-C = 151 Hz), 136.2, 136.1 
(s, 1C, 2C, ipso-Ph), 130.2, 130.0 (s, 4C, 2C, o-Ph), 129.5 (s, 3C, p-Ph), 129.5 (d, 2C, 
O=PCCH, 2JP-C = 25 Hz), 121.0, 120.7 (s, 4C, 2C, m-Ph), -19.4 (s, 2C, Pt-CH3, 1JPt-C = 
839 Hz).  Anal. Calcd for C26H29N9OPPt: C, 44.26; H, 3.57; N, 17.87; Found: C, 44.41; 
H, 3.43; N, 17.60. 
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(κ2-TtCy)Pt(CH3)2  (1-L2).  [Pt(CH3)2(SMe2)2]2 (0.040 g, 0.070 mmol) and TtCy 
(0.035 g, 0.070 mmol) were placed in a Schlenk flask under nitrogen.  CH2Cl2 (10 mL) 
was added through the septum and the reaction mixture was stirred for 30 min at room 
temperature.  After removal of the solvent, the resulting oil was purified by flash 
chromatography on alumina.  The column was first flushed with ethyl acetate and this 
was followed by methanol.  The methanol eluant was collected, and the solvent was 
evaporated to produce (κ2-TtCy)Pt(CH3)2 (0.034 g, 0.048 mmol) as a white solid in 68% 
yield (by TtCy ligand).  1H NMR (CD2Cl2, 290 K, δ): 9.26, 8.29 (s, 1H, 2H, TtCyCH), 4.49 
(m, 3H, CA-H), 2.20-1.27 (m, 30H, cyclohexyl), 0.69 (s, 6H, 2JPt-H = 88 Hz, Pt-CH3). 
31P{1H}  NMR (CD2Cl2, 291 K, δ):  -6.5 (s, 1P, TtCyP=O).  13C{1H} NMR (CD2Cl2, 293 
K, δ): 138.4 (d, 1C, O=PC, 1JP-C = 167 Hz), 137.5 (d, 2C, O=PC, 1JP-C = 151 Hz), 130.5 
(d, 2C, O=PCCH, 2JP-C = 32 Hz),  129.1 (d, 1C, O=PCCH, 2JP-C = 29 Hz), 62.3, 60.7 (s, 
2C, 1C, CA), 33.8-33.3 (s, 1:1:1, 6C, (CB), 25.4-25.1 (s, 1:1:1 and 2:1, 9C, (CC and CD), -
20.1 (s, 2C, Pt-CH3, 1JPt-C = 839 Hz). 
(κ2-TtPh)Pt(Ph)2  (2-L1).  [Pt(Ph)2(SEt2)2]2 (0.061 g, 0.070 mmol) and TtPh (0.033 
g, 0.070 mmol) were placed in a Schlenk flask under nitrogen.  CH2Cl2 (10 mL) was 
added through the septum and the reaction mixture was stirred for 30 min at room 
temperature.  After evaporation of the solvent, the resulting oil was purified by flash 
chromatography on alumina.  The column was flushed with ethyl acetate and then by 
methanol.  The methanol eluant was collected, and the solvent was removed by rotary 
evaporation to produce (κ2-TtPh)Pt(Ph)2 (0.033 g, 0.039 mmol) as a white solid in 56% 
yield.  1H NMR (CD2Cl2, 300 K, δ): 9.27 , 8.87 (s, 1H, 2H, TtPhCH), 7.80-7.51 (m, 15H, 
TtPhC6H5), 7.07 (d, 4H, 3JPt-H = 52 Hz, Pt-Ar Ho), 6.70-6.77 (m, 6H, Pt-Ar Hm and Hp).  
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31P{1H}  NMR (CD2Cl2, 294 K, δ): -8.7 (s, 1P, TtPhP=O).  13C{1H} NMR (CD2Cl2, 293 
K, δ): 141.0 (s, 2C, Pt-Ar ipso-Ph), 140.5 (d, 1C, O=PC, 1JP-C = 170 Hz), 139.0 (d, 2C, 
O=PC, 1JP-C = 149 Hz), 138.8 (s, 4C, Pt-Ar m-Ph), 136.5, 136.2 (s, 1C, 2C, TtPh ipso-Ph), 
130.9 (s, 2C, TtPh p-Ph), 130.6 (s, 4C, TtPh o-Ph), 130.5 (d, 1C, 1JP-C = 33 Hz, O=PC), 
130.3 (s, 2C, TtPh o-Ph), 130.1 (s, 1C, TtPh p-Ph), 130.1 (d, 2C, 2JP-C = 25 Hz, O=PCCH), 
126.3 (s, 4C, Pt-Ar o-Ph), 122.2 (s, 2C, Pt-Ar p-Ph), 121.4 (s, 2C, 4C, TtPh m-Ph).  Anal. 
Calcd for C36H28N9OPPt: C, 52.18; H, 3.41; N, 15.21; Found: C, 52.35; H, 3.24; N, 
15.07.  
(κ2-TtCy)Pt(Ph)2  (2-L2).  [Pt(Ph)2(SEt2)2]2 (0.061 g, 0.070 mmol) and TtCy 
(0.035 g, 0.070 mmol) were placed in a Schlenk flask under nitrogen.  CH2Cl2 (10 mL) 
was added through the septum and the reaction mixture was stirred for 30 min at room 
temperature.  After removal of the solvent, the resulting oil was purified by flash 
chromatography on alumina.  The column was first flushed with ethyl acetate and then by 
methanol.  The methanol eluant was collected and the solvent was removed by rotary 
evaporation to produce (κ2-TtCy)Pt(Ph)2 (0.043 g, 0.051 mmol) as a white solid in 74% 
yield (by TtCy ligand) .  1H NMR (CD2Cl2, 291 K, δ): 8.96, 8.36 (s, 1H, 2H, TtCyCH), 
7.04 (d, 4H, 3JPt-H = 63 Hz, 3JH-H = 7 Hz, Ho), 6.72-6.80 (m, 6H, Hm and Hp), 4.50 (m, 3H, 
NCHCy), 1.21-2.22 (m, 30H, cyclohexyl).  31P{1H}  NMR (CD2Cl2, 293 K, δ):  -7.09 (s, 
1P, TtCyP=O ).  13C{1H} NMR (CD2Cl2, 292 K, δ): 141.7 (s, 2C, ipso-Ph), 139.1 (s, 4C, 
m-Ph), 139.1 (d, 1C, O=PC, 1JP-C = 169 Hz), 138.1 (d, 2C, O=PC, 1JP-C = 149 Hz), 129.7 
(d, 1C, O=PCCH, 2JP-C = 33 Hz), 129.1 (d, 2C, O=PCCH, 2JP-C = 24 Hz),  126.1 (s, 4C, o-
Ph), 121.9 (s, 2C, p-Ph), 62.4, 61.2 (s, 2C, 1C, CA), 33.8-33.1 (s, 1:1:1, 6C, CB), 25.4-
25.1 (s, 1:1:1 and 2:1, 9C, CC and CD).  HRMS (ESI) m/z Calc.: 979.2265 (M + Cs+). 
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Found: 979.2296.  Anal. Calcd for C36H49N9OPPt: C, 51.06; H, 5.47; N, 14.89; Found: C, 
50.75; H, 5.54; N, 14.62. 
 
Synthesis of [(κ3-TtPh)Pt(R′)2R′′][X] complexes. 
General Method A.  To a 50-mL Schlenk flask, κ2-TtRPt(R′)2 (0.030 mmol) was 
placed  under nitrogen.  CH2Cl2 (10 mL) was added through the septum and the solution 
was treated with 1.3 equiv. (0.045 mmol) of the appropriate electrophilic reagent at room 
temperature.  After 10 min, the solvent was evaporated, and the resulting oil was 
triturated with pentane to afford the trialkyl platinum product as a light yellow powder in 
quantitative yield by 1H NMR. 
General Method B.  To a 50-mL Schlenk flask, κ2-TtRPt(R′)2 (0.030 mmol) and 
AgBF4 (0.10 mmol) were placed under nitrogen.  CH2Cl2 (10 mL) was added through the 
septum and the solution was treated with 1.3 equiv. (0.045 mmol) of the appropriate 
electrophilic reagent at room temperature.  After 20 min, the cloudy solution was cannula 
filtered five times.  The solvent was evaporated and the resulting oil was triturated with 
pentane to afford the trialkyl platinum product as a light yellow powder in quantitative 
yield by 1H NMR. 
[(κ3-TtPh)PtMe3][X] (3a-L1).  The procedure in general method A was followed 
using methyl iodide or methyl triflate as the electrophile.  NMR data for the OTf 
counterion complex are reported.  1H NMR (CD2Cl2, 300 K, δ): 9.14 (s, 3H, TtPhCH), 
7.85-7.60 (m, 15H, TtPhC6H5), 1.52 (s, 9H, 2JPt-H = 74 Hz, Pt-CH3).  31P NMR (CD2Cl2, 
300 K, δ): -9.9 (s, 1P, TtPhP=O).  13C{1H} NMR (CD2Cl2, 300 K, δ): 136.2 (d, 3C, 
O=PC, 1JP-C = 150 Hz), 135.6 (s, 3C, ipso-Ph), 131.8 (s, 3C, p-Ph), 130.8 (d, 3C, 
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O=PCCH, 2JP-C = 24 Hz), 130.3 (s, 6C, o-Ph), 121.7 (s, 6C, m-Ph), -6.2 (s, 3C, Pt-CH3, 
1JPt-C = 692 Hz).  Anal. Calcd for C28H27F3N9O4PPtS: C, 38.71; H, 3.13; N, 14.51; Found: 
C, 38.68; H, 3.02; N, 14.23. 
[(κ3-TtPh)PtMe3][BAr′4 ] ([3a-L1][BAr′4]).   In a 50-mL Schlenk flask, 3a-L1 
(0.020 g, 0.027 mmols) and NaBAr′4 (0.057 g, 0.080 mmols) were placed under nitrogen.  
CH2Cl2 (6 mL) was added through the septum and the solution was allowed to stir for 1 
hr.  The solution was cannula filtered three times and then concentrated to ca. 1 mL.  
Slow diffusion of hexanes into the CH2Cl2 solution produced clear, hexagonal crystals 
suitable for x-ray diffraction. 
[(κ3-TtCy)PtMe3][X] (3a-L2).  The procedure in general method A was followed 
using methyl iodide or methyl triflate as the electrophile.  NMR data for the OTf 
counterion complex are reported.  1H NMR (CD2Cl2, 300 K, δ): 8.68 (s, 3H, TtCyCH), 
4.65 (m, 3H, CA-H), 2.22-1.30 (m, 30H, cyclohexyl), 1.32 (s, 9H, 2JPt-H = 73 Hz, Pt-CH3). 
31P NMR (CD2Cl2, 300 K, δ): -7.5 (s, 1P, TtCyP=O).  13C{1H} NMR (CD2Cl2, 300 K, δ): 
135.6 (d, 3C, O=PC, 1JP-C = 150 Hz), 130.1 (d, 3C, O=PCCH, 2JP-C = 24 Hz),  63.4 (s, 3C, 
CA), 33.5 (s, 6C, CB), 25.3 (s, 6C, CC), 25.1 (s, 3C, CD), -6.7 (s, 3C, Pt-CH3, 1JPt-C = 692 
Hz). Anal. Calcd for C28H45F3N9O4PPtS: C, 37.92; H, 5.11; N, 14.21; Found: C, 37.65; 
H, 4.94; N, 13.98. 
 [(κ3-TtPh)PtMe2Et][X] (3b-L1).  The procedure in general method A was 
followed using ethyl iodide or ethyl triflate as the electrophile.  NMR data for the OTf 
counterion complex are reported.  1H NMR (CD2Cl2, 300 K, δ): 9.18, 9.13 (s, 2H, 1H, 
TtPhCH), 7.84, 7.57 (m, 15H, TtPhC6H5), 2.41 (q, 2H, 2JPt-H = 75 Hz, Pt-CH2-CH3), 1.49 
(s, 6H, 2JPt-H = 75 Hz, Pt-CH3), 0.87 (t, 3H, 3JPt-H = 56 Hz, Pt-CH2-CH3). 31P{1H}  NMR 
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(CD2Cl2, 300 K, δ): -8.6 (s, 1P, TtPhP=O).  13C {1H} NMR (CD2Cl2, 293 K, δ): 136.9 (d, 
1C, O=PC, 1JP-C = 151 Hz), 136.7 (d, 2C, O=PC, 1JP-C = 150 Hz), 136.2, 136.1 (s, 1C, 2C, 
ipso-Ph), 131.3, 131.2 (s, 2C, 1C, p-Ph), 131.0 (d, 2C, O=PCCH, 2JP-C = 24 Hz), 130.8 (d, 
1C, O=PCCH, 2JP-C = 22 Hz), 130.6, 130.5 (s, 4C, 2C, o-Ph), 122.1, 122.0 (s, 2C, 4C, m-
Ph), 16.0 (s, 1C, Pt-CH2CH3, 2JPt-C = 33 Hz), 9.2 (s, 1C, Pt-CH2CH3 1JPt-C = 681 Hz), -4.1 
(s, 2C, Pt-CH3, 1JPt-C = 725 Hz).  Anal. Calcd for C29H29F3N9O4PPtS: C, 39.46; H, 3.31; 
N, 14.28; Found: C, 39.16; H, 3.17; N, 13.99. 
[(κ3-TtCy)PtMe2Et][X] (3b-L2).  The procedure in general method A was 
followed using ethyl iodide or ethyl triflate as the electrophile.  NMR data for the OTf 
counterion complex are reported.  1H NMR (CD2Cl2, 292 K, δ): 8.65, 8.60 (s, 2H, 1H, 
TtCyCH), 4.65 (m, 3H, CA-H), 2.22 (q, 2H, 2JPt-H = 75 Hz, Pt-CH2-CH3), 2.24-1.30 (m, 
30H, cyclohexyl), 1.31 (s, 6H, 2JPt-H = 75 Hz, Pt-CH3), 0.69 (s, 3H, 3JPt-H = 55 Hz, Pt-
CH2-CH3).  31P{1H} NMR (CD2Cl2, 294 K, δ): -7.7 (s, 1P, TtCyP=O). 13C{1H} NMR 
(CD2Cl2, 292 K, δ): 136.0 (d, 1C, O=PC, 1JP-C = 150 Hz), 135.9 (d, 2C, O=PC, 1JP-C = 
150 Hz), 130.1 (d, 2C, O=PCCH, 2JP-C = 25 Hz), 139.8 (d, 1C, O=PCCH, 2JP-C = 25 Hz), 
63.4 (s, 1C, 2C, CA) 33.6-33.5 (s, 1:1:1, 6C, CB), 25.3-25.2 (s, 1:1:1 and 2:1, 9C, CC and 
CD), 15.8 (s, 1C, 2JPt-C = 33 Hz, Pt-CH2-CH3), 8.4 (s, 1C, 1JPt-C = 682 Hz, Pt-CH2-CH3), -
4.9 (s, 2C, 1JPt-C = 726 Hz, Pt-CH3).  Anal. Calcd for C29H47F3N9O4PPtS: C, 38.66; H, 
5.26; N, 13.99; Found: C, 38.42; H, 4.98; N, 13.87. 
 [(κ3-TtPh)PtMe2nPr][I] (3c-L1).  The procedure in general method A was 
followed using n-propyl iodide as the electrophile.  The reaction was stirred overnight 
instead of 10 min.  1H NMR (CD2Cl2, 300 K, δ): 9.52, 9.40 (s, 2H, 1H, TtPhCH), 7.89-
7.58 (m, 15H, TtPhC6H5), 2.33 (t, 2H, 2JPt-H = 73 Hz, Pt-CH2-CH2-CH3), 1.58 (s, 6H, 2JPt-H 
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= 74 Hz, Pt-CH3), 1.30  (m, 2H, Pt-CH2-CH2-CH3), 0.80 (t, 3H, Pt-CH2-CH2-CH3).  
31P{1H} NMR (CD2Cl2, 300 K, δ): -9.8 (s, 1P, TtPhP=O).  13C {1H} NMR (CD2Cl2, 300 
K, δ): 136.5 (d, 1C, O=PC, 1JP-C = 150 Hz), 136.4 (d, 2C, O=PC, 1JP-C = 151 Hz), 136.4, 
135.7 (s, 1C, 2C, ipso-Ph), 131.1 (d, 2C, O=PCCH, 2JP-C = 24 Hz), 130.9, 130.8 (s, 2C, 
1C,  p-Ph), 130.3, 130.2 (s, 4C, 2C, o-Ph), 121.8, 121.6 (s, 1C, 2C, m-Ph), 23.9 (s, 1C, 
3JPt-C = 29 Hz, Pt-CH2CH2CH3), 17.9 (s, 1C, 1JPt-C = 822 Hz, Pt-CH2CH2CH3), 15.4 (s, 
1C, 2JPt-C = 80 Hz, Pt-CH2CH2CH3), -4.6 (s, 2C, 1JPt-C = 723 Hz, Pt-CH3).  Anal. Calcd 
for C29H31IN9OPPt: C, 39.83; H, 3.57; N, 14.41; Found: C, 40.01; H, 3.47; N, 14.37. 
[(κ3-TtCy)PtMe2nPr][I] (3c-L2).  The procedure in general method A was 
followed using n-propyl iodide as the electrophile.  The reaction was stirred overnight 
instead of 10 min.  1H NMR (CD2Cl2, 292 K, δ): 8.95, 8.88 (s, 2H, 1H, TtCyCH), 4.78 (m, 
3H, CA-H), 2.13 (t, 2H, 2JPt-H = 72 Hz, Pt-CH2-CH2-CH3), 2.20-1.15 (m, 30H, 
cyclohexyl), 1.29 (s, 6H, 2JPt-H = 75 Hz, Pt-CH3), 0.70 (s, 3H, Pt-CH2-CH2-CH3).  
31P{1H} NMR (CD2Cl2, 294 K, δ): -9.21 (s, 1P, TtCyP=O). 13C{1H} NMR (CD2Cl2, 292 
K, δ): 135.5 (d, 1C, 1JP-C = 151 Hz, O=PC), 135.3 (d, 2C, 1JP-C = 150 Hz, O=PC), 130.3 
(d, 2C, 2JP-C = 25 Hz, O=PCCH), 130.0 (d, 1C, 2JP-C = 25 Hz, O=PCCH), 63.0 (s, 1C, 2C, 
CA), 33.4-33.3 (s, 1:1:1, 6C, CB), 25.3-24.9 (s, 1:1:1 and 2:1, 9C, CC and CD), 23.8 (s, 1C, 
3JPt-C = 28 Hz, Pt-CH2-CH2-CH3), 17.3 (s, 1C, 1JPt-C = 681 Hz, Pt-CH2-CH2-CH3), 15.5 (s, 
1C, 2JPt-C = 77 Hz, Pt-CH2-CH2-CH3), -5.2 (s, 2C, 1JPt-C = 722 Hz, Pt-CH3).  Anal. Calcd 
for C30H49IN9O4PPt: C, 39.02; H, 5.53; N, 14.12; Found: C, 38.84; H, 5.25; N, 14.24. 
 [(κ3-TtPh)PtMe2(CH2CH=CH2)][I] (3d-L1).  The procedure in general method 
A was followed using allyl iodide as the electrophile.  1H NMR (CD2Cl2, 294 K, δ): 9.40, 
9.36 (s, 2H, 1H, TtPhCH), 7.92, 7.61 (m, 15H, TtPhC6H5), 6.01 (m, 1H, Pt-CH2CH=CH2), 
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5.10 (d, 1H, 3JH-H = 17 Hz, 4JPt-H = 20 Hz, Pt-CH2CH=CHtrans), 4.91 (d, 1H, 3JH-H = 9 Hz, 
4JPt-H = 20 Hz, Pt-CH2CHCHcis), 3.22 (d, 2H, 2JPt-H = 96 Hz, Pt-CH2CHCH2), 1.57 (s, 
6H, 2JPt-H = 74 Hz, Pt-CH3).  31P{1H} NMR (CD2Cl2, 294 K, δ): -9.91 (s, 1P, TtPhP=O).  
13C{1H} NMR (CD2Cl2, 293 K, δ): 141.5 (s, 1C, 2JPt-C = 54 Hz, Pt-CH2CH=CH2), 136.4 
(d, 1C, O=PC, 1JP-C = 150 Hz), 136.0 (d, 2C, O=PC, 1JP-C = 150 Hz), 135.6 (s, 3C, ipso-
Ph), 131.0 (d, 1C, 2C, O=PCCH, 2JP-C = 24 Hz), 131.0 (s, 2C, 1C, p-Ph), 130.3, 130.2 (s, 
4C, 2C, o-Ph), 121.7, 121.6 (s, 2C, 4C, m-Ph),  112.8 (s, 1C, 3JPt-C = 51 Hz, Pt-
CH2CH=CH2), 15.7 (s, 1C, 1JPt-C = 656 Hz, Pt-CH2CH=CH2),      -4.8 (s, 2C, Pt-CH3, 1JPt-
C = 706 Hz).  Anal. Calcd for C29H29IN9OPPt: C, 39.92; H, 3.35; N, 14.45; Found: C, 
39.64; H, 3.19; N, 14.19. 
[(κ3-TtCy)PtMe2(CH2CH=CH2)][I] (3d-L2).  The procedure in general method A 
was followed using allyl iodide as the electrophile.   1H NMR (CD2Cl2, 292 K, δ): 8.87, 
8.82 (s, 2H, 1H, TtCyCH), 5.85 (m, 1H, Pt-CH2CHCH2), 4.90 (d, 1H, 3JH-H = 17 Hz, 4JPt-H 
= 18 Hz, Pt-CH2CHCHtrans), 4.76 (m, 3H, CA-H), 3.00 (d, 2H, 2JPt-H = 96 Hz, Pt-
CH2CHCH2), 2.21-1.28 (m, 30H, cyclohexyl), 1.36 (s, 6H, 2JPt-H = 74 Hz, Pt-CH3).  
31P{1H} NMR (CD2Cl2, 300 K, δ): -8.3 (s, 1P, TtCyP=O).  13C{1H} NMR (CD2Cl2, 293 
K, δ): 142.1 (s, 1C, 2JPt-C = 54 Hz, Pt-CH2CH=CH2), 135.6 (d, 1C, O=PC, 1JP-C = 150 
Hz), 135.1 (d, 2C, O=PC, 1JP-C = 150 Hz), 130.3, 130.1 (d, 2C, 1C, O=PCCH, 2JP-C = 24 
Hz), 112.3 (s, 1C, 3JPt-C = 50 Hz, Pt-CH2CH=CH2), 15.2 (s, 1C, 1JPt-C = 656 Hz, Pt-
CH2CH=CH2),  63.2 (s, 1C, 2C, CA), 33.5-33.3 (s, 1:1:1, 6C, CB), 25.3-24.9 (s, 1:1:1 and 
2:1, 9C, CC and CD), -4.1 (s, 2C, Pt-CH3, 1JPt-C = 706 Hz).  Anal. Calcd for 
C29H47IN9OPPt: C, 39.10; H, 5.32; N, 14.15; Found: C, 38.83; H, 5.25; N, 13.88. 
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 [(κ3-TtPh)PtMe2(CH2C(CH3)=CH2)][BF4] (3e-L1).  The procedure in general 
method B was followed using 3-bromo-isobutylene as the electrophile.  1H NMR 
(CD2Cl2, 292 K, δ): 9.21, 9.17 (s, 2H, 1H, TtPhCH), 7.84, 7.62 (m, 15H, TtPhC6H5),  4.91, 
4.85 (s, 1H, 1H, 4JPt-H = 21 Hz, 4JPt-H = 22 Hz, Pt-CH2C(CH3)CH2), 3.27 (s, 2H, 2JPt-H = 
96 Hz, Pt- Pt-CH2C(CH3)CH2), 1.58 (s, 6H, 2JPt-H = 75 Hz, Pt-CH3), 1.45 (s, 3H, 4JPt-H = 
10 Hz, Pt-CH2C(CH3)CH2).  31P{1H} NMR (CD2Cl2, 292 K, δ): -7.0 (s, 1P, TtPhP=O). 
13C {1H} NMR (CD2Cl2, 292 K, δ): 148.9 (s, 1C, 2JPt-C = 26 Hz, Pt-CH2CH=CH2), 136.9 
(d, 1C, O=PC, 1JP-C = 150 Hz), 136.4 (d, 2C, O=PC, 1JP-C = 151 Hz), 136.0 (s, 3C, ipso-
Ph), 131.4 (s, 2C, 1C, p-Ph), 130.7, 130.6 (s, 4C, 2C, o-Ph), 130.5 (d, 2C, O=PCCH, 2JP-C 
= 24 Hz),  121.8, 121.6 (s, 2C, 4C, m-Ph), 112.0 (s, 1C, 3JPt-C = 41 Hz, Pt-CH2CH=CH2), 
23.8 (s, 1C, 3JPt-C = 8 Hz, Pt-CH2C(CH3)=CH2), 20.7  (s, 1C, 1JPt-C = 657 Hz, Pt-
CH2C(CH3)=CH2), -2.8 (s, 2C, Pt-CH3, 1JPt-C = 709 Hz).  HRMS (ESI) m/z Calc.: 
759.2037 (M+). Found: 759.2024. 
[(κ3-TtCy)PtMe2(CH2C(CH3)=CH2)][BF4]  (3e-L2).  The procedure in general 
method B was followed using 3-bromo-isobutylene as the electrophile.  1H NMR 
(CD2Cl2, 300 K, δ): 8.78, 8.72 (s, 2H, 1H, TtCyCH),  4.92, 4.82 (s, 1H, 1H, 4JPt-H = 17 Hz, 
4JPt-H = 18 Hz, Pt-CH2C(Me)CH2), 4.68 (m, 3H, CA-H), 3.18 (s, 2H, 2JPt-H = 94 Hz,  Pt-
CH2C(CH3)CH2), 2.37-1.41 (m, 30H, cyclohexyl), 1.42 (s, 6H, 2JPt-H = 73 Hz, Pt-CH3).  
31P{1H} NMR (CD2Cl2, 292 K, δ): -4.1 (s, 1P, TtCyP=O).  13C{1H} NMR (CD2Cl2, 293 
K, δ): 154.4 (s, 1C, Pt-CH2C(CH3)=CH2), 135.0 (d, 1C, O=PC, 1JP-C = 154 Hz), 134.9 (d, 
2C, O=PC, 1JP-C = 153 Hz), 130.5, 130.2 (d, 2C, 1C, O=PCCH, 2JP-C = 24 Hz), 104.8 (s, 
1C, Pt-CH2C(CH3)=CH2), 63.5, 63.4 (s, 2C, 1C, CA), 33.5-33.2 (s, 1:1:1, 6C, CB), 25.2-
25.0 (s, 1:1:1 and 2:1, 9C, CC and CD), 23.9 (s, 1C, Pt-CH2C(CH3)=CH2), 19.6 (s, 1C, 
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1JPt-C = 663 Hz, Pt-CH2C(CH3)=CH2), -3.1 (s, 2C, Pt-CH3, 1JPt-C = 697 Hz).  HRMS (ESI) 
m/z Calc.: 777.3446 (M+). Found: 777.3412. 
 [(κ3-TtPh)PtMe2(CH2C6H5)][BF4] (3f-L1).  The procedure in general method A 
was followed using benzyl iodide as the electrophile.  1H NMR (CD2Cl2, 292 K, δ): 9.20, 
9.17 (s, 2H, 1H, TtPhCH), 7.83, 7.60 (m, 15H, TtPhC6H5), 6.96-6.84 (m, 5H, Pt-CH2-
C6H5), 3.82 (s, 2H, 2JPt-H = 93 Hz, Pt-CH2-C6H5), 1.61 (s, 6H, 2JPt-H = 74 Hz, Pt-CH3).  
31P{1H} NMR (CD2Cl2, 292 K, δ): -7.73 (s, 1P, TtPhP=O).  13C {1H} NMR (CD2Cl2, 293 
K, δ): 145.1 (s, 1C, 2JPt-C = 48 Hz, Pt-Bn ipso-Ph), 136.9 (d, 1C, O=PC, 1JP-C = 151 Hz), 
136.0 (d, 2C, O=PC, 1JP-C = 152 Hz), 136.0, 135.9 (s, 1C, 2C, TtPh ipso-Ph), 131.3, 131.2 
(s, 1C, 2C, TtPh p-Ph), 130.7 (d, 1C, 2C, O=PCCH, 2JP-C = 21 Hz), 130.6, 130.5 (s, 2C, 
4C, TtPh o-Ph), 129.6 (s, 2C, 3JPt-C = 21 Hz, Pt-Bn o-Ph), 128.2 (s, 2C, 4JPt-C = 12 Hz, Pt-
Bn m-Ph), 125.4 (s, 1C, 5JPt-C = 14 Hz, Pt-Bn p-Ph), 121.9, 121.7 (s, 2C, 4C, TtPh m-Ph), 
17.8 (s, 1C, 1JPt-C = 658 Hz, Pt-CH2C6H5), -2.6 (s, 1C, 1JPt-C = 707 Hz, Pt-CH3).  HRMS 
(ESI) m/z Calc.: 795.2037 (M+). Found: 795.2012. 
[(κ3-TtCy)PtMe2(CH2C6H5)][BF4] (3f-L2).   The procedure in general method A 
was followed using benzyl iodide as the electrophile.  1H NMR (CD2Cl2, 292 K, δ): 8.58 
(s, 3H, TtCyCH), 7.00-6.80 (m, 5H, Pt-CH2-C6H5), 4.62, 4.48 (m, 1H, 2H, CA-H), 3.63 (s, 
2H, 2JPt-H = 94 Hz, Pt-CH2-C6H5), 2.24-1.30 (m, 30H, cyclohexyl), 1.39 (s, 6H, 2JPt-H = 74 
Hz, Pt-CH3).  31P{1H} NMR (CD2Cl2, 294 K, δ): -7.0 (s, 1P, TtCyP=O).  13C{1H} NMR 
(CD2Cl2, 292 K, δ): 145.4 (s, 1C, 2JPt-C = 47 Hz, Pt-Bn ipso-Ph), 135.8 (d, 1C, O=PC, 1JP-
C = 150 Hz), 135.0 (d, 2C, O=PC, 1JP-C = 151 Hz), 129.7 (d, 3C, O=PCCH, 2JP-C = 25 
Hz), 129.4 (s, 2C, 3JPt-C = 21 Hz, Pt-Bn o-Ph), 128.1 (s, 2C, 4JPt-C = 13 Hz, Pt-Bn m-Ph), 
124.9 (s, 1C, 5JPt-C = 14 Hz, Pt-Bn p-Ph), 63.3, 63.2 (s, 1C, 2C, CA), 33.4-33.1 (s, 1:1:1, 
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6C, CB), 25.1-25.0 (s, 1:1:1 and 2:1, 9C, CC and CD), 16.9 (s, 1C, 1JPt-C = 658 Hz, Pt-
CH2C6H5),  -3.5 (s, 2C, 1JPt-C = 706 Hz, Pt-CH3).  HRMS (ESI) m/z Calc.: 813.3446 (M+). 
Found: 813.3454. 
 [(κ3-TtPh)Pt(Ph)2Me][X] (4a-L1).  The procedure in general method A was 
followed using methyl iodide or methyl triflate as the electrophile.  NMR data for the 
OTf counterion complex are reported.  1H NMR (CD2Cl2, 292 K, δ): 9.25, 9.23 (s, 2H, 
1H, TtPhCH), 7.80-7.57 (m, 15H, TtPhC6H5), 7.23 (d, 4H, 3JPt-H = 52 Hz, Pt-Ar Ho), 7.07-
6.98 (m, 6H, Pt-Ar Hm and Hp), 2.27 (s, 3H, 2JPt-H = 74 Hz, Pt-CH3).  31P{1H}  NMR 
(CD2Cl2, 295 K, δ):  -10.1 (s, 1P, TtPhP=O).  13C{1H} NMR (CD2Cl2, 293 K, δ): 136.8 (d, 
2C, 1JP-C = 150 Hz, O=PC), 136.5 (d, 1C, O=PC, 1JP-C = 150 Hz), 136.1 (s, 4C, 3JPt-C = 10 
Hz, Pt-Ar m-Ph),  135.8, 135.7 (s, 1C, 2C, TtPh ipso-Ph), 131.5 (d, 2C, 2JP-C = 25 Hz, 
O=PCCH), 131.1 (s, 3C, TtPh p-Ph), 131.0 (d, 1C, 2JP-C = 24 Hz, O=PCCH), 130.3, 130.2 
(s, 2C, 4C, TtPh o-Ph), 127.9 (s, 2C, 1JPt-C = 944 Hz, Pt-Ar ipso-Ph), 127.2 (s, 4C, 2JPt-C = 
56 Hz, Pt-Ar o-Ph), 125.0 (s, 2C, Pt-Ar p-Ph), 122.0, 121.8 (s, 4C, 2C, TtPh m-Ph), 7.3 (s, 
1C, 1JPt-C = 689 Hz, Pt-CH3).  Anal. Calcd for C38H31F3N9O4PPtS: C, 45.97; H, 3.15; N, 
12.70; Found: C, 45.72; H, 3.26; N, 12.48. 
[(κ3-TtCy)Pt(Ph)2Me][X] (4a-L2).  The procedure in general method A was 
followed using methyl iodide or methyl triflate as the electrophile.  NMR data for the 
OTf counterion complex are reported.  1H NMR (CD2Cl2, 300 K, δ): 9.01, 9.00 (s, 2H, 
1H, ThCyCH), 7.04 (d, 4H, 3JPt-H = 30 Hz, Ho), 7.02-6.93 (m, 6H, Hm and Hp), 4.65 (m, 
3H, NCH(Cy)), 2.20-1.27 (m, 30H, cyclohexyl), 2.07 (s, 3H, 2JPt-H = 74 Hz, Pt-CH3).  
31P{1H}  NMR (CD2Cl2, 300 K, δ):  -8.3 (s, 1P, TtCyP=O).  13C{1H} NMR (CD2Cl2, 292 
K, δ): 136.4 (s, 4C, 3JPt-C = 13 Hz, Pt-Ar m-Ph), 136.1 (d, 2C, O=PC, 1JP-C = 150 Hz), 
93 
 
135.5 (d, 1C, O=PC, 1JP-C = 151 Hz), 130.9 (d, 3C, O=PCCH, 2JP-C = 23 Hz), 128.3 (s, 
2C, 1JPt-C = 941 Hz, Pt-Ar ipso-Ph), 127.2 (s, 4C, 2JPt-C = 56 Hz, Pt-Ar o-Ph), 125.0 (s, 
2C, Pt-Ar p-Ph), 63.6, 63.5 (s, 2C, 1C, NCH(cyclohexyl)), 33.3-33.0 (s, 1:1:1, 6C, CB),  
25.1-25.0 (s, 1:1:1 and 2:1, 9C, CC and CD), 6.5 (s, 1C, 1JPt-C = 689 Hz, Pt-CH3).  HRMS 
(ESI) m/z Calc.: 861.3446 (M+). Found: 861.3465.  
 [(κ3-TtPh)Pt(Ph)2Et][X] (4b-L1).  The procedure in general method A was 
followed using ethyl iodide or ethyl triflate as the electrophile.  NMR data for the OTf 
counterion complex are reported.  1H NMR (CD2Cl2, 300 K, δ): 9.37, 9.25 (s, 2H, 1H, 
TtPhCH), 7.84-7.60 (m, 15H, TtPhC6H5), 7.20 (d, 4H, 3JPt-H = 51 Hz, Pt-Ar Ho), 7.07, 6.99 
(m, 6H, Pt-Ar Hm and Hp), 3.17 (q, 2H, 2JPt-H = 70 Hz, Pt-CH2-CH3), 0.86 (t, 3H,3JPt-H = 
54 Hz, Pt-CH2-CH3).  31P{1H}  NMR (CD2Cl2, 295 K, δ):  -10.5 (s, 1P, TtPhP=O).  
13C{1H} NMR (CD2Cl2, 293 K, δ): 137.1 (d, 2C, O=PC, 1JP-C = 149 Hz), 136.9 (d, 1C, 
O=PC, 1JP-C = 152 Hz), 135.9 (s, 4C,  Pt-Ar m-Ph), 135.7 (s, 3C, TtPh ipso-Ph), 131.1 (d, 
2C, O=PCCH, 2JP-C = 24 Hz), 131.1, 130.9 (s, 2C, 1C, TtPh p-Ph), 130.8 (d, 1C, 
O=PCCH, 2JP-C = 24 Hz), 130.3, 130.2 (s, 4C, 2C, TtPh o-Ph), 128.6 (s, 2C, 1JPt-C = 907 
Hz, Pt-Ar ipso-Ph), 127.1 (s, 4C, 2JPt-C = 57 Hz, Pt-Ar o-Ph), 124.9 (s, 2C, Pt-Ar p-Ph), 
121.9, 121.8 (s, 4C, 2C, TtPh m-Ph), 22.3 (s, 1C, 1JPt-C = 665 Hz, Pt-CH2-CH3), 16.8 (s, 
1C, 2JPt-C = 43 Hz, Pt-CH2-CH3).  Anal. Calcd for C39H33F3N9O4PPtS: C, 46.52; H, 3.30; 
N, 12.52; Found: C, 46.24; H, 3.28; N, 12.29. 
[(κ3-TtCy)Pt(Ph)2Et][X] (4b-L2).  The procedure in general method A was 
followed using ethyl iodide or ethyl triflate as the electrophile.  NMR data for the OTf 
counterion complex are reported.  1H NMR (CD2Cl2, 292 K, δ): 8.86, 8.77 (s, 2H, 1H, 
ThCyCH), 7.03-6.93 (m, 10H, Pt-C6H5), 4.63, 4.58 (m, 2H, 1H, CA-H), 2.94 (q, 2H, 2JPt-H 
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= 67 Hz, Pt-CH2-CH3), 2.95-1.26  (m, 30H, cyclohexyl), 0.61 (s, 3H, 3JPt-H = 54 Hz, Pt-
CH2-CH3).  31P{1H}  NMR (CD2Cl2, 300 K, δ):  -7.2 (s, 1P, TtCyP=O).  13C{1H} NMR 
(CD2Cl2, 292 K, δ): 136.3 (d, 2C, O=PC, 1JP-C = 148 Hz), 136.2 (s, 4C, Pt-Ar m-Ph), 
136.0 (d, 1C, O=PC, 1JP-C = 150 Hz), 130.4 (d, 2C, O=PCCH, 2JP-C = 24 Hz), 130.1 (d, 
1C, O=PCCH, 2JP-C = 25 Hz) 129.0 (s, 2C, 1JPt-C = 968 Hz, Pt-Ar ipso-Ph), 127.2 (s, 4C, 
2JPt-C = 57 Hz, Pt-Ar o-Ph), 125.0 (s, 2C, Pt-Ar p-Ph), 63.4, 63.3 (s, 2C, 1C, CA), 33.3-
33.2 (s, 1:1:1, 6C, CB), 25.1-24.9 (s, 1:1:1 and 2:1, 9C, CC and CD), 21.4 (s, 1C, 1JPt-C = 
665 Hz, Pt-CH2-CH3), 16.9 (s, 1C, 2JPt-C = 43 Hz, Pt-CH2-CH3).   HRMS (ESI) m/z Calc.: 
875.3602 (M+). Found: 875.3565. 
 [(κ3-TtPh)Pt(Ph)2(CH2CH=CH2)][BF4] (4c-L1).  The procedure in general 
method B was followed using allyl iodide as the electrophile.  1H NMR (CD2Cl2, 294 K, 
δ): 9.28, 9.30 (s, 2H, 1H, TtPhCH), 7.80, 7.58 (m, 15H, TtPhC6H5), 7.22 (d, 4H, 3JPt-H = 50 
Hz, Pt-Ar Ho), 7.08, 7.02 (m, 6H, Pt-Ar Hm and Hp), 5.83 (m, 1H, Pt-CH2CHCH2), 5.10 
(d, 1H, 3JH-H = 19 Hz, 4JPt-H = 18 Hz, Pt-CH2CHCHtrans to H), 4.92 (d, 1H, 3JH-H = 10 Hz, 
4JPt-H = 15 Hz, Pt-CH2CHCHcis to H), 3.90 (d, 2H, 2JPt-H = 86 Hz, Pt-CH2CHCH2).  
31P{1H} NMR (CD2Cl2, 270 K, δ): -8.0 (s, 1P, TtPhP=O).  13C{1H} NMR (CD2Cl2, 293 
K, δ): 140.9 (s, 1C, 2JPt-C = 65 Hz, Pt-CH2CH=CH2), 136.8 (d, 2C, O=PC, 1JP-C = 150 
Hz), 136.7 (d, 1C, O=PC, 1JP-C = 150 Hz), 136.1 (s, 4C, Pt-Ar m-Ph), 135.7 (s, 3C, TtPh 
ipso-Ph), 131.2, 131.1 (s, 2C, 1C, TtPh p-Ph), 130.9 (d, 3C, O=PCCH, 2JP-C = 24 Hz), 
130.5, 130.4 (s, 4C, 2C, TtPh o-Ph), 128.5 (s, 2C, 1JPt-C = 951 Hz, Pt-Ar ipso-Ph), 127.3 
(s, 4C, 2JPt-C = 56 Hz, Pt-Ar o-Ph), 125.2 (s, 2C, Pt-Ar p-Ph), 121.8, 121.7 (s, 2C, 4C, TtPh  
m-Ph),  115.4 (s, 1C, 3JPt-C = 49 Hz, Pt-CH2CH=CH2), 27.3 (s, 1C, 1JPt-C = 643 Hz, Pt-
CH2CH=CH2).  HRMS (ESI) m/z Calc.: 869.2194 (M+). Found: 869.2152. 
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[(κ3-TtCy)Pt(Ph)2(CH2CH=CH2)][BF4] (4c-L2).  The procedure in general 
method B was followed using allyl iodide as the electrophile.  1H NMR (CD2Cl2, 294 K, 
δ): 8.87, 9.30 (s, 2H, 1H, TtCyCH), 7.07-6.97 (m, 10H, Pt-C5H6), 5.80 (m, 1H, Pt-
CH2CHCH2), 5.10 (d, 1H, 3JH-H = 17 Hz, 4JPt-H = 19 Hz, Pt-CH2CHCHtrans to H), 4.80 (d, 
1H, 3JH-H = 9 Hz, Pt-CH2CHCHcis to H), 4.66, 4.59 (m, 2H, 1H, CA-H), 3.71 (d, 2H, 2JPt-H 
= 87 Hz, Pt-CH2CHCH2), 2.02-1.71 (m, 30H, cyclohexyl).  31P{1H} NMR (CD2Cl2, 294 
K, δ): -6.3 (s, 1P, TtPhP=O).  13C{1H} NMR (CD2Cl2, 270 K, δ): 141.2 (s, 1C, 2JPt-C = 64 
Hz, Pt-CH2CH=CH2), 136.0 (s, 4C, Pt-Ar m-Ph), 135.1 (d, 2C, O=PC, 1JP-C = 151 Hz), 
134.8 (d, 1C, O=PC, 1JP-C = 152 Hz), 130.5 (d, 2C, O=PCCH, 2JP-C = 23 Hz), 130.3 (d, 
1C, O=PCCH, 2JP-C = 21 Hz), 128.3 (s, 2C, 1JPt-C = 944 Hz, Pt-Ar ipso-Ph), 127.3 (s, 4C, 
2JPt-C = 55 Hz, Pt-Ar o-Ph), 125.2 (s, 2C, Pt-Ar p-Ph), 112.4 (s, 1C, 3JPt-C = 49 Hz, Pt-
CH2CH=CH2), 63.4, 63.3 (s, 2C, 1C, CA), 33.3-33.2 (s, 1:1:1, 6C, CB), 26.0 (s, 1C, 1JPt-C 
= 644 Hz, Pt-CH2CH=CH2), 25.1-24.9 (s, 1:1:1 and 2:1, 9C, CC and CD).  HRMS (ESI) 
m/z Calc.: 887.3602 (M+). Found: 887.3564. 
 [(κ3-TtPh)Pt(Ph)2(CH2Ph)][BF4] (4d-L1).  The procedure in general method B was 
followed using benzyl iodide as the electrophile.  1H NMR (CD2Cl2, 296 K, δ): 9.35, 9.32 
(s, 2H, 1H, TtPhCH), 7.72-7.51, (m, 15H, TtPhC6H5), 7.28-7.03 (m, 10H, Pt-Ar), 6.83-6.72 
(m, 5H, Pt-CH2-C6H5), 4.51 (s, 2H, 2JPt-H = 88 Hz, Pt-CH2-C6H5).  31P{1H} NMR 
(CD2Cl2, 296 K, δ): -7.06 (s, 1P, TtPhP=O).  13C {1H} NMR (CD2Cl2, 296 K, δ): 143.6 (s, 
1C, 2JPt-C = 52 Hz, Pt-Bn ipso-Ph), 136.9 (d, 1C, O=PC, 1JP-C = 151 Hz), 136.6 (d, 2C, 
O=PC, 1JP-C = 151 Hz), 136.1 (s, 4C, Pt-Ar m-Ph), 135.9, 135.8 (s, 1C, 2C, TtPh ipso-Ph), 
131.3, 130.9 (s, 1C, 2C, TtPh p-Ph), 131.0 (d, 1C, 2C, O=PCCH, 2JP-C = 25 Hz), 130.5, 
130.4 (s, 2C, 4C, TtPh o-Ph), 130.1 (s, 2C, 3JPt-C = 24 Hz, Pt-Bn o-Ph), 128.4 (s, 2C, Pt-Bn 
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m-Ph), 128.0 (s, 2C, Pt-Ar ipso-Ph), 127.5 (s, 4C, 2JPt-C = 54 Hz, Pt-Ar o-Ph), 126.4 (s, 
1C, 5JPt-C = 12 Hz, Pt-Bn p-Ph), 125.5 (s, 2C, Pt-Ar p-Ph), 121.7, 121.6 (s, 2C, 4C, TtPh 
m-Ph), 27.5 (s, 1C, 1JPt-C = 660 Hz, Pt-CH2C6H5).  HRMS (ESI) m/z Calc.: 919.2350 
(M+). Found: 919.2314. 
[(κ3-TtCy)Pt(Ph)2(CH2Ph)][BF4] (4d-L2).  The procedure in general method B 
was followed using benzyl iodide as the electrophile.  1H NMR (CD2Cl2, 292 K, δ): 8.97, 
8.87 (s, 2H, 1H, TtCyCH), 7.13-6.58 (m, 15H, Pt-CH2-C6H5 and Pt-C6H5), 4.64, 4.50 (m, 
1H, 2H, CA-H), 4.29 (s, 2H, 2JPt-H = 89 Hz, Pt-CH2-C6H5), 2.12-1.25 (m, 30H, 
cyclohexyl).  31P{1H} NMR (CD2Cl2, 294 K, δ): -9.5 (s, 1P, TtCyP=O).  13C{1H} NMR 
(CD2Cl2, 292 K, δ): 144.4 (s, 1C, 2JPt-C = 52 Hz, Pt-Bn ipso-Ph), 136.3 (s, 4C, 3JPt-C = 7 
Hz, Pt-Ar m-Ph), 135.9, 135.7 (d, 1C, 2C, O=PC, 1JP-C = 148 Hz), 130.7, 130.6 (d, 3C, 
O=PCCH, 2JP-C = 24 Hz), 130.0 (s, 2C, 3JPt-C = 24 Hz, Pt-Bn o-Ph), 128.4 (s, 2C, 4JPt-C = 
10 Hz, Pt-Bn m-Ph), 128.3 (s, 2C, 1JPt-C = 947 Hz, Pt-Ar ipso-Ph), 127.3 (s, 4C, 2JPt-C = 
55 Hz, Pt-Ar o-Ph), 126.0 (s, 1C, 5JPt-C = 12 Hz, Pt-Bn p-Ph), 125.2 (s, 2C, Pt-Ar p-Ph), 
63.3, 63.2 (s, 1C, 2C, CA), 33.7-32.8 (s, 1:1:1, 6C, CB), 26.0 (s, 1C, 1JPt-C = 659 Hz, Pt-
CH2C6H5), 25.0-24.9 (s, 1:1:1 and 2:1, 9C, CC and CD).  HRMS (ESI) m/z Calc.: 
937.3758 (M+). Found: 937.3724. 
 
Synthesis of [(κ3-TtR)Pt(Me)2H][X] complexes 
  [(κ3-TtPh)PtMe2H][BF4] (5-L1).  Into a 50-mL Schlenk flask was placed κ2-
TtPhPt(CH3)2  (0.021 g, 0.030 mmol) under nitrogen.  CH2Cl2 (10 mL) was added through 
the septum and the flask was cooled to -78°C.  The solution was then treated with 1.0 
equiv (3.7 μL, 0.030 mmol) of ca. 8.0 M HBF4·Et2O and it was allowed to warm to room 
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temperature.  The solvent was evaporated and the resulting solid was triturated with 
pentane to afford [(κ3-TtPh)Pt(Me)2H][BF4] (0.023  g, 0.029 mmol) as a white powder.  
1H NMR (CD2Cl2, 294 K, δ): 9.30 (s, 2H, 1H, TtPhCH), 7.85-7.24 (m, 15H, TtPhC6H5), 
1.60 (s, 6H, 2JPt-H = 70 Hz, Pt-CH3), -19.91 (s, 1H, 1JPt-H = 1541 Hz, Pt-H).  31P{1H} 
NMR (CD2Cl2, 300 K, δ): -6.6 (s, 1P, TtPhP=O).   13C {1H} NMR (CD2Cl2, 293 K, δ): 
135.7 (d, 2C, O=PC, 1JP-C = 152 Hz), 135.6, 135.5 (s, 1C, 2C, TtPh ipso-Ph), 135.4 (d, 1C, 
O=PC, 1JP-C = 150 Hz), 130.9 (d, 2C, O=PCCH, 2JP-C = 24 Hz), 130.7 (s, 3C, TtPt p-Ph), 
130.1 (s, 6C, TtPh o-Ph), 121.5 (s, 6C, TtPh m-Ph), -14.6 (s, 2C, Pt-CH3, 1JPt-C = 620 Hz). 
 [(κ3-TtPh)PtMe2H][BAr′4] ([5-L1][BAr′4]). Into a 50-mL Schlenk flask was placed 
κ2-TtPhPt(CH3)2  (0.021 g, 0.030 mmol) under nitrogen.  CH2Cl2 (10 mL) was added 
through the septum and the flask was cooled to -78°C.  The platinum complex was 
treated with a methylene chloride solution containing 1.0 equiv. (0.023 g, 0.030 mmol) of 
HBAr′4 via cannula transfer.  The mixture was allowed to warm to room temperature and 
the solvent was concentrated to ca. 1 mL.  Slow diffusion of hexanes produced clear, 
hexagonal crystals.  Anal. Calcd for C58H37BF24N9OPPt: C, 44.40; H, 2.38; N, 8.04; 
Found: C, 44.08; H, 2.44; N, 8.16. 
[(κ3-TtCy)PtMe2H][BF4] (5-L2).  The same procedure was performed using the 
analgous TtCyPt(CH3)2 complex.  1H NMR (CD2Cl2, 292 K, δ): 8.88, 8.87 (s, 1H, 2H, 
TtCyCH), 4.62 (m, 3H, CA-H), 2.20-1.22 (m, 30H, cyclohexyl), 1.39 (s, 6H, 2JPt-H = 70 
Hz, Pt-CH3), -20.07 (s, 1H, 1JPt-H = 1519 Hz, Pt-H). 31P{1H}  NMR (CD2Cl2, 292 K, δ):  -
5.6 (s, 1P, TtCyP=O).  13C{1H} NMR (CD2Cl2, 293 K, δ): 134.6 (d, 2C, O=PC, 1JP-C = 
150 Hz), 134.2 (d, 1C, O=PC, 1JP-C = 150 Hz), 130.6 (d, 3C, O=PCCH, 2JP-C = 24 Hz), 
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63.0 (s, 3C, CA), 33.0-32.8 (s, 1:1:1, 6C, CB), 24.9-24.6 (s, 1:1:1 and 2:1, 9C, CC and CD), 
-15.6 (s, 2C, Pt-CH3, 1JPt-C = 623 Hz).   
 
Elimination and Trapping Reactions 
 In a typical experiment, a Schlenk flask was charged with 0.030 mmols of [(κ3-
TtR)Pt(Me)2H][BF4] 5 under nitrogen.  CH2Cl2 (6 mL) was added through the septum and 
the flask was warmed to 35°C.  The headspace was purged with the trapping gas (L) and 
stirred for 2 hours (L = CO or olefin).  The solvent was evaporated and the resulting oil 
was triturated with pentane to produce [TtRPt(Me)(L)][BF4] as a light yellow powder in 
good yield by 1H NMR. 
 [(κ3-TtPh)PtMe(CO)][BF4] (6-L1).  Yield: 86% by 1H NMR.  1H NMR (CD2H2, 293 
K, δ): 9.29 (s, 3H, TtPhCH), 7.88, 7.56 (m, 15H, TtPhC6H5), 1.44 (s, 3H, 2JPt-H = 74 Hz, Pt-
CH3).  31P{1H} NMR (CD2Cl2, 282 K, δ): -7.8 (s, 1P, TtPhP=O).  13C {1H} NMR 
(CD2Cl2, 284 K, δ): 161.3 (s, 1C, Pt-CO), 135.9, 135.6 (s, 2C, 1C, TtPh ipso-Ph), 132.3 
(d, 1C, 2JP-C = 26 Hz, O=PCCH), 131.4 (d, 2C, 2JP-C = 24 Hz, O=PCCH),  131.0 (s, 3C, 
TtPt p-Ph), 130.6, 130.4 (s, 2C, 4C, TtPh o-Ph), 121.9, 121.6 (s, 2C, 4C TtPh m-Ph), -14.6 
(s, 1C, Pt-CH3).  IR (CH2Cl2 solution)  νCO = 2124 cm-1.  Anal. Calcd for 
C26H21BF4N9O2PPt: C, 38.82; H, 2.63; N, 15.67; Found: C, 38.77; H, 2.91; N, 15.39. 
[(κ3-TtCy)PtMe(CO)][BF4] (6-L2).  Yield: 85% by 1H NMR.  1H NMR (CD2Cl2, 
292 K, δ): 8.73 (s, 3H, TtCyCH), 4.63 (m, 3H, CA-H), 2.24-1.25 (m, 30H, cyclohexyl), 
1.41 (s, 6H, 2JPt-H = 71 Hz, Pt-CH3).  31P{1H}  NMR (CD2Cl2, 292 K, δ): -8.6 (s, 1P, 
TtCyP=O).  13C{1H} NMR (CD2Cl2, 292 K, δ): 161.8 (s, 1C, Pt-CO), 136.9 (d, 3C, 1JP-C = 
157 Hz, O=PC), 132.0 (d, 2C, 2JP-C = 29 Hz, O=PCCH),  130.1 (d, 1C, 2JP-C = 24 Hz, 
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O=PCCH), 63.7, 63.0 (s, 1C, 2C, CA), 33.4-33.2 (s, 6C, CB), 25.2-25.0 (s, 1:1:1 and 2:1, 
9C, CC and CD), -15.3 (s, 1C, 1JPt-C = 522 Hz, Pt-CH3).   IR (CH2Cl2 solution) νCO = 2117 
cm-1.  HRMS (ESI) m/z Calc.: 735.2612 (M+). Found: 735.2657.  Anal. Calcd for 
C26H39BF4N9O2PPt: C, 37.97; H, 4.78; N, 15.33; Found: C, 37.97; H, 4.78; N, 15.33. 
 [(κ3-TtPh)PtMe(η2-C2H4)][BF4] (7a-L1).  Yield: 85% by 1H NMR.  1H NMR 
(CD2Cl2, 298 K, δ): 9.39, 9.34 (s, 2H, 1H, TtPhCH), 7.84-7.44 (m, 15H, TtPhC6H5), 3.33 
(s, 4H, 2JPt-H = 79 Hz, Pt-C2H4), 1.05 (s, 3H, 2JPt-H = 63 Hz, Pt-CH3), 31P {1H}  NMR 
(CD2Cl2, 300 K, δ):  -7.6 (s, 1P, TtPhP=O).  13C {1H} NMR (CD2Cl2, 293 K, δ): 137.2 (d, 
1C, O=PC, 1JP-C = 153 Hz), 136.7 (d, 2C, 1JP-C = 150 Hz, O=PC), 135.6, 135.5 (s, 2C, 1C, 
TtPh ipso-Ph), 131.1, 130.9 (s, 1C, 2C, TtPt p-Ph), 130.3 (s, 6C, TtPh o-Ph), 121.4, 121.3 
(s, 4C, 2C, TtPh m-Ph), 40.9 (s, 2C, Pt-C2H4), -12.3 (s, 1C, Pt-CH3).  Anal. Calcd for 
C59H37BF24N9OPPt (BAr′4 counterion): C, 44.83; H, 2.36; N, 7.97; Found: C, 45.11; H, 
2.38; N, 7.69. 
[(κ3-TtCy)PtMe(η2-C2H4)][BF4] (7a-L2).  Yield: 81% by 1H NMR.  1H NMR 
(CD2Cl2, 292 K, δ): 8.69, 8.62 (s, 2H, 1H, TtCyCH), 4.63, 4.54 (m, 2H, 1H, CA-H), 3.00 
(s, 4H, 2JPt-H = 81 Hz, Pt-C2H4) 2.23-1.25 (m, 30H, cyclohexyl), 0.85 (s, 6H, 2JPt-H = 63 
Hz, Pt-CH3).  31P{1H}  NMR (CD2Cl2, 292 K, δ):  -7.7 (s, 1P, TtCyP=O).  13C{1H} NMR 
(CD2Cl2, 293 K, δ): 136.4 (d, 2C, 1JP-C = 152 Hz, O=PC), 135.2 (d, 1C, 1JP-C = 150 Hz, 
O=PC), 130.3 (d, 1C, 2JP-C = 24 Hz, O=PCCH), 129.9 (d, 1C, 2JP-C = 25 Hz, O=PCCH), 
63.2, 63.0 (s, 1C, 2C, CA), 37.1 (s, 2C, 1JPt-C = 361 Hz, Pt-C2H4), 33.5-33.3 (s, 1:1:1, 6C, 
CB), 25.2-25.0 (s, 1:1:1 and 2:1, 9C, CC and CD), -13.3 (s, 1C, 1JPt-C = 620 Hz, Pt-CH3).  
HRMS (ESI) m/z Calc.: 735.2976 (M+). Found: 735.2953. 
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[(κ3-TtPh)PtMe(η2-propylene)][BF4] (7b-L1).  Yield: 77% by 1H NMR.  1H 
NMR (CD2Cl2, 300 K, δ): 9.34, 9.21, 9.19 (s, 1H, 1H, 1H, TtPhCH), 7.89, 7.59 (m, 15H, 
TtPhC6H5),  5.03 (m, 1H, H2C=CHCH3), 4.35 (d, 1H, 3JH-H = 13 Hz, Htrans to HC=CHCH3), 
4.28 (d, 1H, 3JH-H = 7 Hz, Hcis to HC=CHCH3), 1.51 (d, 3H, 3JH-H = 6 Hz, Pt-
H2C=CHCH3), 0.95 (s, 3H, 2JPt-H = 63 Hz, Pt-CH3).  31P{1H}  NMR (CD2Cl2, 300 K, δ):  
-9.8 (s, 1P, TtPhP=O).  13C {1H} NMR (CD2Cl2, 293 K, δ): 136.0, 135.8 (s, 3C, TtPh ipso-
Ph), 131.9 (d, 2C, O=PCCH, 2JP-C = 24 Hz), 131.4, (s, 3C, TtPh p-Ph), 130.6 (s, 6C, TtPh 
o-Ph), 121.7, 121.6 (s, 4C, 2C, TtPh m-Ph), 88.7 (s,1C, H2C=CHCH3), 64.6 (s, 1C, 
H2C=CHCH3), 20.0 (s, 1C, H2C=CHCH3), -8.6 (s, 1C, Pt-CH3).  HRMS (ESI) m/z Calc.: 
731.1724 (M+). Found: 731.1691. 
[(κ3-TtPh)PtMe(η2-cis-2-butene)][BF4] (7c-L1).  Yield: 78% by 1H NMR.  1H 
NMR (CD2Cl2, 298 K, δ): 9.40, 9.27 (s, 2H, 1H, TtPhCH), 7.87, 7.49 (m, 15H, TtPhC6H5), 
5.02 (d, 2H, (CH3)HC=CH(CH3)), 1.59, (d, 6H, (CH3)HC=CH(CH3)), 0.68 (s, 3H, Pt-
CH3).  31P{1H}  NMR (CD2Cl2, 298 K, δ):  -7.3 (s, 1P, TtPhP=O).  13C {1H} NMR 
(CD2Cl2, 298 K, δ): 136.1, 135.9 (s, 1C, 2C, TtPh ipso-Ph), 132.0 (d, 2C, O=PCCH, 2JP-C 
= 29 Hz), 131.4-130.3 (s, 9C, TtPh o-Ph and p-Ph), 121.9-121.6 (s, 6C, TtPh m-Ph), 87.0 
(s, 2C, (CH3)HC=CH(CH3)), 14.2 (s, 2C, (CH3)HC=CH(CH3)), -1.8 (s, 1C, Pt-CH3).  
HRMS (ESI) m/z Calc.: 745.1881 (M+). Found: 745.1851. 
[(κ3-TtPh)PtMe(η2-trans-2-butene)][BF4] (7d-L1).  Yield: 74% by 1H NMR.  1H 
NMR (CD2Cl2, 270 K, δ): 9.38, 9.21, 9.11 (s, 1H, 1H, 1H, TtPhCH), 7.88, 7.62 (m, 15H, 
TtPhC6H5), 5.48, 4.71 (m, 1H, 1H, (CH3)HC=CH(CH3)), 1.82, 1.30 (d, 3H, 3H, 
(CH3)HC=CH(CH3)), 0.98 (s, 3H, 2JPt-H = 64 Hz, Pt-CH3).  31P{1H}  NMR (CD2Cl2, 270 
K, δ):  -9.5 (s, 1P, TtPhP=O).  13C {1H} NMR (CD2Cl2, 270 K, δ): 139.2 (d, 1C, 1JP-C = 
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164 Hz, O=PC), 137.1 (d, 1C, 1JP-C = 150 Hz, O=PC), 137.0 (d, 1C, 1JP-C = 146 Hz, 
O=PC), 135.8, 135.7, 135.7 (s, 1C, 1C, 1C, TtPh ipso-Ph), 132.6 (d, 1C, O=PCCH, 2JP-C = 
26 Hz), 132.1 (d, 1C, O=PCCH, 2JP-C = 25 Hz), 131.0 (d, 1C, O=PCCH, 2JP-C = 30 Hz), 
131.2-130.3 (s, 9C TtPh o-Ph and p-Ph), 121.7, 121.6, 121.0 (s, 2C, 2C, 2C, TtPh m-Ph), 
90.1, 90.0 (s, 1C, 1C, (CH3)HC=CH(CH3)), 19.7 (s, 2C, (CH3)HC=CH(CH3)), -7.6 (s, 
1C, Pt-CH3).  HRMS (ESI) m/z Calc.: 745.1881 (M+). Found: 745.1833. 
 [(κ3-TtPh)PtMe(η2-isobutylene)][BF4] (7e-L1).  Yield: 78% by 1H NMR.  1H 
NMR (CD2Cl2, 298 K, δ): 9.29, 9.17 (s, 2H, 1H, TtPhCH), 7.87, 7.56 (m, 15H, TtPhC6H5),  
4.53 (s, 2H, 2JPt-H = 67 Hz, H2C=C(CH3)2), 1.52 (s, 6H, H2C=C(CH3)2), 1.07 (s, 3H, Pt-
CH3).  31P{1H}  NMR (CD2Cl2, 298 K, δ):  -8.7 (s, 1P, TtPhP=O).  13C {1H} NMR 
(CD2Cl2, 298 K, δ): 138.3 (d, 2C, 1JP-C = 156 Hz, O=PC), 137.6 (d, 1C, 1JP-C = 156 Hz, 
O=PC), 135.9 (s, 3C, TtPh ipso-Ph), 132.3 (d, 3C, O=PCCH, 2JP-C = 24 Hz), 131.3, 130.9 
(s, 1C, 2C TtPh p-Ph), 130.6, 130.2 (s, 4C, 2C, TtPh o-Ph), 121.7 (s, 6C, TtPh m-Ph), 110.5 
(s, 1C, H2C=CH(CH3)2), 67.6 (s, 1C, H2C=CH(CH3)2), 28.5 (s, 1C, H2C=CH(CH3)2), -5.3 
(s, 1C, Pt-CH3).  HRMS (ESI) m/z Calc.: 745.1881 (M+). Found: 731.1875. 
 
Kinetic Studies Data for biphenyl formation from 4c-L2.  An NMR tube was 
charged with κ2-TtCyPtPh2 2-L2 (0.030 g, 0.035 mmol) and a sealed capillary containing a 
CDCl3 solution of ferrocene.  The tube was covered with a septum and purged with 
nitrogen.  CDCl3 (0.6 mL) was then added through the septum.  The sample was cooled 
to -78°C, treated with allyl iodide (3.5 μL, 0.038 mmol), placed in the spectrometer, and 
then warmed to the appropriate temperature.  The 1H NMR spectrum was recorded every 
3 minutes and the biphenyl o-Ph signal was integrated with respect to the ferrocene 
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standard.  The integral value was converted to the corresponding concentration and 
subtracted from the theoretical biphenyl concentration at t∞. 
 
 
Figure 3.12. Plot of 1/([biphenyl]∞-[biphenyl]t) vs. time at 290 K. 
 
 
Figure 3.13. Plot of 1/([biphenyl]∞-[biphenyl]t) vs. time at 295 K. 
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Figure 3.14. Plot of 1/([biphenyl]∞-[biphenyl]t) vs. time at 300 K. 
 
 
Figure 3.15. Plot of 1/([biphenyl]∞-[biphenyl]t) vs. time at 305 K. 
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Figure 3.16. Plot of 1/([biphenyl]∞-[biphenyl]t) vs. time at 310 K. 
 
  
Figure 3.17. Plot of 1/([biphenyl]∞-[biphenyl]t) vs. time at 315 K. 
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Figure 3.18. Plot of 1/([biphenyl]∞-[biphenyl]t) vs. time at 320 K. 
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Structural Data for [3a-L1][BAr′4], [3d-L1][BAr'4], and [5-L1][BAr'4].   
Table 3.2: Crystal data and structural refinement parameters for complex 
 [TtPhPtMe3][BAr'4] (3a-L1). 
Chemical formula C60H41BCl2F24N9OPPt 
Formula weight 166.79 
Temperature 100(2) K 
Wavelength 1.54178 Å 
Crystal size 0.23 x 0.33 x 0.39 mm 
Crystal habit clear colorless block 
Crystal system monoclinic 
Space group P  1 21/c 1 
Unit cell dimensions a = 16.2833(2) Å α = 90° 
 b = 15.5893(2) Å β = 93.9700° 
 c = 25.8409(2) Å γ = 90° 
Volume 6543.85(14) Å3  
Z 4 
Density (calculated) 1.693 Mg/cm3 
Absorption coefficient 6.054 mm-1 
F(000) 3280 
Theta range for data 
collection 
2.72 to 70.06° 
Index ranges -19 ≤ h ≤ 19, -19 ≤ k ≤ 18, -29 ≤ l ≤ 25 
Reflections collected 129300 
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Independent reflections 12190 [R(int) = 0.0354] 
Coverage of indep. reflections 98.2% 
Max. and min. transmission 0.3390 and 0.2034 
Structure solution program SHELXS-97 (Sheldrick, 2008) 
Refinement method Full-matrix least-squares on F2 
Refinement program SHELXL-97 (Sheldrick, 2008) 
Function minimized Σ w(Fo2 - Fc2)2 
Data / restraints / parameters 12190 / 96 / 976 
Goodness-of-fit on F2 1.073 
Final R indices 11871 data; I>2σ(I) R1 = 0.0273, wR2 = 0.0667 
 all data 
R1 = 0.0280, wR2 = 
0.0672 
Weighting scheme 
w=1/[σ2(Fo2)+(0.0308P)2+12.6924P] 
where P=(Fo2+2Fc2)/3 
Largest diff. peak and hole 1.210 and -0.680 eÅ-3 
R.M.S. deviation from mean 0.075 eÅ-3 
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Table 3.3: Crystal data and structural refinement parameters complex 
[TtPhPtMe(CH2CH=CH2)][BAr'4] (3d-L1). 
Chemical formula C62H43BCl2F24N9OPPt 
Formula weight 1693.82 
Temperature 100(2) K 
Wavelength 1.54178 Å 
Crystal size 0.20 x 0.25 x 0.25 mm 
Crystal habit clear colourless block 
Crystal system Monoclinic 
Space group P  1 21/c 1 
Unit cell dimensions a = 16.3151(2) Å α = 90° 
 b = 15.6863(2) Å β = 94.0640(10)° 
 c = 25.9408(5) Å γ = 90° 
Volume 6622.2(2) Å3  
Z 4 
Density (calculated) 1.663 Mg/cm3 
Absorption coefficient 5.993  mm-1 
F(000) 3336 
Theta range for data collection 2.72 to 66.60° 
Index ranges -19 ≤ h ≤ 19, -15 ≤ k ≤ 18, -27 ≤ l ≤ 30 
Reflections collected 61425 
Independent reflections 11622 [R(int) = 0.0281] 
Coverage of indep. reflections 99.4% 
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Max. and min. transmission 0.3020 and 0.2500 
Structure solution program SHELXS-97 (Sheldrick, 2008) 
Refinement method Full-matrix least-squares on F2 
Refinement program SHELXL-97 (Sheldrick, 2008) 
Function minimized Σ w(Fo2 - Fc2)2 
Data / restraints / parameters 11622 / 175 / 992 
Goodness-of-fit on F2 1.193 
Final R indices 11409 data; I>2σ(I) R1 = 0.0435, wR2 = 0.0970 
 all data R1 = 0.0444, wR2 = 0.0974 
Weighting scheme 
w=1/[σ2(Fo2)+(0.0186P)2+34.0157P] 
where P=(Fo2+2Fc2)/3 
Largest diff. peak and hole 1.611 and -1.310 eÅ-3 
R.M.S. deviation from mean 0.096 eÅ-3 
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Table 3.4: Crystal data and structural refinement parameters complex                
[TtPhPtMe2H][BAr'4] (5-L1). 
Chemical formula C59H40BCl2F24N9OPPt 
Formula weight 1654.77 
Temperature 100(2) K 
Wavelength 1.54178 Å 
Crystal size 0.16 x 0.23 x 0.32 mm 
Crystal habit clear colourless block 
Crystal system Monoclinic 
Space group P 1 21/c 1 
Unit cell dimensions a = 16.2511(2) Å α = 90° 
 b = 15.5686(2) Å β = 93.4880(10)° 
 c = 25.7180(5) Å γ = 90° 
Volume 6494.8(2) Å3  
Z 4 
Density (calculated) 1.691 Mg/cm3 
Absorption coefficient 6.094 mm-1 
F(000) 3242 
Theta range for data collection 2.72 to 67.82° 
Index ranges -19 ≤ h ≤ 19, -18 ≤ k ≤ 17, -30 ≤ l ≤ 29 
Reflections collected 53588 
Independent reflections 11623 [R(int) = 0.0387] 
Coverage of indep. reflections 98.5% 
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Max. and min. transmission 0.4480 and 0.2451 
Structure solution program SHELXS-97 (Sheldrick, 2008) 
Refinement method Full-matrix least-squares on F2 
Refinement program SHELXL-97 (Sheldrick, 2008) 
Function minimized Σ w(Fo2 - Fc2)2 
Data / restraints / parameters 11623 / 22 / 991 
Goodness-of-fit on F2 1.021 
Final R indices 10298 data; I>2σ(I) R1 = 0.0364, wR2 = 0.0845 
 all data R1 = 0.0424, wR2 = 0.0877 
Weighting scheme 
w=1/[σ2(Fo2)+(0.0375P)2+16.2880P] 
where P=(Fo2+2Fc2)/3 
Largest diff. peak and hole 1.492 and -1.741 eÅ-3 
R.M.S. deviation from mean 0.084 eÅ-3 
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Chapter IV 
 
A κ3 to κ2 Coordination Mode Interconversion, Phenyl 
Migration, and ortho C-H Activation Cascade in the 
TtRPtPh System 
 
 
Introduction 
As highlighted in the previous chapter, the introduction of a hemilabile 
functionality to a scorpionate ligand adds versatility by providing a flexible coordination 
mode geometry that can promote a variety of fundamental organometallic processes 
including reductive couplings, oxidative addition, organic substrate binding, and insertion 
reactions.1-3  Some transformations involving hemilabile ligands require an external 
reagent to sever the metal-ligand bond and initiate reactivity.  Braunstein has reported on 
P,O chelated Pd complexes that do not exhibit hemilabile behavior until the addition of 
carbon dioxide or isocyanate, which can reversibly trap the substrate to form a C-C bond 
and a new dynamic system.1,4,5  Our group has reported on both Lewis acid- and 
thermolysis-promoted κ3/κ2 conversions to initiate reactivity in the Tp'Pt system (Tp′ = 
hydridotris(3,5-dimethylpyrazolyl)borate) (Figure 4.1a)).6-10  One particularly interesting 
example is phenyl migration to a bound olefin and subsequent intramolecular C-H 
activation in Tp'Pt(Ph)(η2-C2H4) to form stable metallacycle Pt(IV) products (eq 1).8  
Such transformations occur at 60°C in the presence of a strong Lewis acid, such as 
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B(C6F5)3, or at 80°C in the absence of borane.  Mechanistically, the Lewis acidic borane 
is postulated to promote dechelation of one of the pyrazolyl rings to form an unsaturated 
16-electron intermediate from which aryl migration to the olefin occurs.  The resulting 
three-coordinate Pt(II) species undergoes ortho C-H activation of the tethered phenyl ring 
to form a coordinatively-saturated, 18-electron Pt(IV) product.  Given the well-
established trend for preliminary ligand dissociation from Pt(IV) to produce reactive 
intermediates,11-20 we postulate that a κ3/κ2 interconversion step initiates migration in the 
η2-olefin Pt(II) starting material.8 
 
 
As discussed in Chapter III, we have found that utilizing Lammertsma’s Click-
derived21-24 1,2,3-triazolyl-based scorpionate ligand, TtR  (Figure 4.1b, R = Ph (L1), Cy 
(L2)), lowers the barrier for κ3/κ2 interconversion relative to the analogous Tp'Pt system 
due to significantly weaker donation from the triazolyl moiety.25  Gentle heating of the 
[TtRPtMe2H]+ cation at 35°C induces methane elimination, and our hypothesis is that 
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conversion to the κ2, five-coordinate isomer is the first step.  Trapping the resulting 
[TtRPtMe]+ fragment with an olefin generates a five-coordinate κ3 coordinated cation (eq 
2).  With this reactivity in mind, we sought to further exploit the TtR ligand’s facile 
coordination mode interconversions by exploring the TtRPt fragment’s reactivity toward 
C-C bond forming and aryl C-H activation reactions.   Will replacing Tp' with TtR result 
in lower energy barriers for the transformation of Pt(II) olefin adducts to Pt(IV) C-H 
activated metallacyclic products?  In this chapter, we report the synthesis of TtRPt phenyl 
η2-olefin complexes and their reactivity with respect to phenyl migration and subsequent 
C-H activation. 
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Results and Discussion 
 
 Protonation and Trapping Reactions.  In a similar fashion to the previously 
reported synthesis of cationic Pt(II) methyl η2-olefin complexes, [TtRPtMeL][BF4], we 
sought to generate the analogous phenyl complexes, [TtRPtPhL][BF4].  The synthetic 
route for the methyl derivatives involves protonation of κ2-TtRPtMe2 to form a dimethyl 
hydride species followed by gentle heating in the presence of an olefin to lose methane 
and form the trapped product.  Likewise, we targeted the corresponding [κ3-TtRPtPh2H]+ 
complexes 2 via protonation of their Pt(II) precursors, κ2-TtRPtPh2 1.  However, addition 
of HBF4·Et2O to a methylene chloride solution of 1 at -78°C and subsequent warming to 
room temperature did not produce the desired diphenyl hydride.  Rather, consumption of 
the starting material occurred and production of benzene was observed in the 1H NMR 
spectrum.  Was it possible that room temperature was sufficient to promote benzene loss 
from the target hydride 2?  Indeed, protonation of the neutral platinum(II) reagent at low 
temperature and recording the 1H NMR spectrum at -78°C revealed clean conversion to 
hydride complex 2.  The diphenyl hydride complexes 2-L1 and 2-L2 display a Pt-H 
signal with large platinum coupling (1JPt,H = 1581 Hz (2-L1) and 1554 Hz (2-L2)), which 
is in accord with weak donation from the trans triazolyl nitrogen.25  For comparison, 
strongly donating pyrazolyl-based systems, such as Tp'PtMe2H and [TpmPtMeH2]+ (Tpm 
= trispyrazolylmethane) result in a substantial decrease in the one-bond platinum-hydride 
coupling and are less than 1400 Hz.26,27  A slight increase in this one-bond coupling value 
relative to the analogous dimethyl complexes (1JPt,H = 1541 Hz (L1) and 1519 Hz (L2)) is 
expected as a result of less electron donation from the phenyl ligand, thereby inducing a 
more electrophilic metal center and a stronger Pt-H bond.   
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Warming 2 to room temperature in the presence of a trapping π-acid ligand 
yielded the expected trapped product [TtRPt(Ph)(L)][BF4] (L = CO (3), ethylene (4), 
propylene (5), 1-hexene (6), cis-2-butene (7), trans-2-butene (8), and isobutylene (9)) in 
good to quantitative conversion by 1H NMR (85-100%).  The trapping sequence was 
expanded by using σ-donors, such as pyridine and triphenylphospine to produce the 
corresponding adducts 10 and 11, respectively. Attempts at isolating complexes 5-11 
were unsuccessful.  The mechanism for this transformation is believed to mimic the 
Tp'PtPh2H system, notably without the need of an acid promoter.8   Dechelation of the 
apical triazole ring generates a κ2 five-coordinate unsaturated intermediate upon warming 
to room temperature from which benzene elimination occurs.  Subsequent trapping of the 
resulting three-coordinate Pt(II) fragment accounts for 3-9. (Scheme 4.1) 
 
Scheme 4.1.  Proposed mechanism of the protonation and subsequent trapping sequence 
for the conversion of 1 to 3-11. 
 
 The carbon monoxide complexes 3-L1 and 3-L2 display a 2:1 ratio in the TtR 
triazolyl proton signals in the 1H NMR spectrum, suggesting a κ3 trigonal bipyramidal 
complex which is consistent with the previously reported [TtRPt(CH3)(CO)][BF4].  A 
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strong CO stretching absorption at high frequency (νCO = 2128 cm-1 and 2126 cm-1, 
respectively) was observed, reflecting an electron deficient metal center and limited back-
donation.  These high frequency CO stretches are compatible with other Pt(II) CO cation 
complexes.25,28 
 The ethylene adducts 4-L1 and 4-L2 exhibit a 2:1 ratio in each set of the TtR 1H 
NMR signals, indicating Cs symmetry.  The four olefinic protons in both of these 
complexes appear as a singlet with platinum satellites (2JPt,H = 81 and 86 Hz, 
respectively), reflecting rapid rotation about the bisector of the metal-ethylene triangle 
that averages the up and down olefin signals (Hu and Hd, Figure 4.1).  Variable 
temperature proton NMR studies revealed that ethylene is static at 200 K in 4-L1, with 
two separate resonances (3.1 and 3.6 ppm) as a result of inequivalent sites for the bound 
olefin (Figure 4.1).  The coalescence temperature for this process was found to be 229 K, 
which translates to a rotation barrier of 10.5 kcal/mol.  The TtCy analog, 4-L2, had a 
coalescence temperature of 238 K and rotation barrier of 10.9 kcal/mol. The decreased 
energy barrier for rotation in these phenyl platinum complexes relative to the previously 
reported methyl analogs (11.1 kcal/mol (L1) and 11.5 kcal/mol (L2)) continues the 
expected trend that a more electron deficient metal center results in less backbonding in 
the ground state.25  The spectroscopic data collected for the mono- and di-substituted 
olefin complexes 5-9 were consistent with that of ethylene adduct 4 and the related 
[TtRPt(Me)(L)]+ complexes.  The activation barrier for rotation in the trans-2-butene 
adducts 7-L1 and 7-L2 was found to be 13.6 and 13.7 kcal/mol, respectively.  This 
increase of ca. 3 kcal/mol relative to 4 is consistent with the increased steric bulk of the 
123 
 
substituted olefin inhibiting rotation, thus suggesting that the transition state for rotation 
is more hindered than the ground state. 
 
Figure 4.1. Variable temperature 1H NMR study of ethylene rotation in 4-L1. 
 
 
Unlike the olefin adducts, the pyridine complexes [TtRPt(pyr)(Ph)][BF4] 10-L1 
and 10-L2 do not display a κ3 coordination mode by 1H NMR.  A C1 symmetric complex 
is evident by the unique and sharp TtR signals in a 1:1:1 ratio.  Due to the lack of 
symmetry and hindered rotation about the Pt-pyridine bond, the ortho and meta pyridine 
protons are magnetically inequivalent and each resonates as a separate signal.    
The triphenylphosphine adducts [TtRPt(PPh3)(Ph)][BF4] 11-L1 and 11-L2 display 
a 2:1 ratio for the ligand signals in the 1H and 13C NMR spectra.  In the 31P NMR 
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spectrum, the phosphine resonates at 11.0 and 13.1 ppm for 11-L1 and 11-L2 and 
exhibits large one-bond coupling to platinum (5423 Hz and  4543 Hz, respectively).  The 
apparent mirror plane suggests either a trigonal bipyramidal geometry in the ground state 
or a dynamic square-planar complex that equates the two equatorial triazolyl rings by 
passing through a C2v-symmetric transition state.  Cooling 11-L2 to 214 K and recording 
the 1H NMR spectrum revealed that the complex undergoes a dynamic process.  The 
proton signal on the first carbon of the cyclohexyl ring appears as a 2:1 ratio at room 
temperature.  As the solution cools the larger of the two signals begins to broaden and 
reaches coalescence at 273 K.  At 214 K, there are three distince signals, reflecting the C1 
symmetric ground state with a square planar geometry.  The energy barrier, ΔG‡, 
associated with this dynamic κ2/κ3 conversion process was calculated to be 13.3 kcal/mol. 
 Kinetic studies on the conversion of the diphenyl hydride cation complex 2-L2 to 
olefin adduct 6-L2 were performed by monitoring the decay of the Pt-H signal with 1H 
NMR spectroscopy.  The reaction displayed first-order kinetics between 245 and 270 K 
in the presence of 1.2 equiv. of 1-hexene.  The conversion was also monitored using a 
large excess 1-hexene (4 equiv.), and the reaction rate remained constant to within 
experimental error, indicating a zero-order dependence on the olefin substrate.  The 
reaction rate at 270 K was found to be 1.38 (±0.05) x 10-3 s-1, giving rise to a ΔG‡270 
value of 19.3 (±0.1) kcal/mol.  An Eyring plot (Figure 4.2) was constructed using rate 
constants from a temperature range of 245-270 K: ΔH‡ and ΔS‡ are 25.5 (±0.7) kcal/mol 
and +23 (±3) eu, respectively.  The large positive value for ΔS‡ suggests that the rate-
determining step is the reductive elimination of benzene to form two species.29  Note that 
the putative η2-benzene intermediate was never observed.  
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Figure 4.2. Eyring plot for the conversion of 2-L2 to 6-L2. 
  
 Phenyl migration and ortho C-H activation.  With the η2 olefin reagents in 
hand, we wished to compare the migratory aptitude of the phenyl ligand in these TtR 
complexes to their corresponding Tp′ analogs.8  Allowing the ethylene-bound complex 4-
L1 to stand at room temperature overnight resulted in partial conversion to a new C1 
symmetric species that displayed a 1:1:1 ratio in the TtR proton signals.  Concurrently, 
growth of a Pt-H signal was observed at ca. -19.0 ppm (1JPt,H = 1579 Hz).  Heating the 
starting material at 50°C for 30 min successfully drove the conversion quantitatively to 
the new product.  The 1H NMR spectrum is consistent with the formation of a Pt(IV) 
metallacyclic hydride complex, [TtRPt(CH2CH2o-C6H4)(H)][BF4] 12, which is analogous 
to the insertion product formed in the Tp′Pt system.  We propose a mechanism that is 
initiated by a facile κ3/κ2 conversion, resulting in an unsaturated metal species.  Phenyl 
migration to the metal-bound ethylene would then result in a three-coordinate Pt(II) 
fragment.  In the absence of trapping ligand, C-H activation of the ortho proton 
dominates, and accounts for the formation of the five-membered metallacyclic hydride 
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species (Scheme 4.2).   The milder conditions needed for metallacycle formation from 4 
compared to the electron rich Tp' analogue is credited to the weakly-donating hemilabile 
TtR ligand for allowing easier access to the κ2 intermediate.8 
 
Scheme 4.2.  Proposed mechanism for phenyl migration and subsequent ortho C-H 
activation of 4 to form the metallacycle hydride complex 10. 
 
Kinetic studies on the conversion of ethylene adduct 4-L2 to metallacycle 
complex 12-L2 were performed by monitoring the disappearance of the ortho proton of 
the phenyl ligand in the Pt(II) reagent.  The reaction was observed between 293 and 328 
K and displayed first-order kinetics.  The rate at 303 K was found to be 5.7 (±0.9) x 10-5 
s-1, giving rise to a ΔG‡303 value of 23.7 (±0.2) kcal/mol.  An Eyring plot (Figure 4.3) was 
constructed using rate constants from this temperature range; ΔH‡ and ΔS‡ are 24.8 
(±1.1) kcal/mol and +3.4 (±3) eu, respectively.  The near-zero value for ΔS‡ is 
compatible with an intramolecular rearrangement. 
127 
 
 
Figure 4.3. Eyring plot for the conversion of the ethylene adduct 4-L2 to metallacyclic 
 hydride 12-L2. 
 
 
 Metallacycle dynamics and D-labeling studies.  With the dynamic nature of 
similar TtR dimethyl Pt-H complexes in mind,25 we wished to examine the dynamics of 
the cationic metallacycle complexes.  The NOESY NMR spectrum of metallacycle 12-L1 
is shown in Figure 4.4.  A cross peak that is out-of-phase with the diagonal signals is 
observed that correlates the hydride, Ha, and two of the alkyl bridge protons, Hb and Hd.  
This cross peak is due to a through-space nOe interaction.  An intense cross peak that is 
in-phase with the diagonal is observed between Ha and the ortho proton Hf of the aryl 
ring, and this cross peak results from site exchange between these two proton positions 
on the NMR time scale.30 
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Figure 4.4.  NOESY NMR spectrum of complex 12-L1. 
 
 
 To confirm this exchange process, excess D2O was added to a solution of 12-L1 
and the 1H NMR was recorded.  Deuterium was rapidly incorporated into the acidic Pt-H 
position, as is the case for other TtR platinum hydride species.25  In the aromatic region 
(Figure 4.5a), the signal for Hf significantly diminished while the signal for the adjacent 
proton, Hg, collapsed from a triplet to a doublet, confirming D-incorporation into the 
adjacent Hf position.  In the alkyl region near 3 ppm (Figure 4.5b), D-incorporation was 
also observed for the α-carbon protons, Hb and Hc.  As a result, the 1H NMR converts 
from a complex pattern in the alkyl region with four inequivalent protons each with 
unique coupling to the other protons and also with platinum coupling to a simple 
spectrum of two signals.   
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Figure 4.5. Aryl (a) and alkyl (b) regions of the 1H NMR spectrum of 12-L1 before and 
after excess D2O addition. 
 
 The proposed mechanism for proton exchange in 12 is shown in Scheme 4.3.  In 
analogy to elimination mechanisms from previously described dialkyl and diaryl TtR 
complexes, an initiating low-barrier κ3/κ2 conversion produces an unsaturated five-
coordinate intermediate.  In 12, aryl elimination or alkyl elimination can occur and in 
either case, free rotation of the resulting phenyl or alkyl group scrambles the ortho-aryl or 
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methyl protons, respectively.  Subsequent C-H re-activation and κ2/κ3 conversion 
regenerates 12 and accounts for exchange between Ha and Hb, or Ha and Hf.  The absence 
of an exchange cross peak between the hydride and either Hb or Hc in the NOESY NMR 
spectrum of 12 indicates that the Csp3-H reductive elimination is slower than Csp2-H 
elimination and does not occur on the NMR time scale.  The relative energy barriers of 
these two processes are consistent with rate comparisons for methane elimination vs. 
benzene elimination from the dimethyl and diphenyl hydride reagents, respectively.  
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Scheme 4.3. Proposed mechanism for proton exchange in complex 12. 
 
 To probe the proposed mechanism in Scheme 4.3, we sought to trap the putative 
unsaturated intermediates [κ2-TtRPtR]+.  Carbon monoxide was added to the headspace of 
an NMR sample of 10 at room temperature and continuously mixed overnight.  The 1H 
NMR displayed clean conversion to a single product, [TtRPt(CH2CH2Ph)(CO)][BF4] 13, 
which is the product expected from aryl elimination (eq 3).  The IR spectrum of 11 shows 
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a single strong CO stretch (νCO = 2117 cm-1 (13-L1) and 2114 cm-1 (13-L2)) at a 
frequency that is consistent with the related cationic complex [TtRPt(CH3)(CO)][BF4].  
This product is compatible with considerably faster aryl elimination than alkyl 
elimination. 
 
 
 Activation parameters for the exchange process between the Pt-H position and the 
ortho arene position adjacent to the alkyl substituent were obtained by variable 
temperature 1H NMR studies of 12.  Upon heating to temperatures excess of 338 K, line 
broadening of the hydride signal occurs and a rate constant was estimated using the slow-
exchange approximation.  At 345 K the rate constant was found to be 12.6 s-1, giving rise 
to a ΔG‡345 of 18.6 kcal/mol for this reductive coupling C-H activation process.  An 
Eyring plot was constructed using the rate constants collected between 338 K and 358 K; 
ΔH‡ and ΔS‡ are estimated to be 23.1 kcal/mol and +12.8 eu, respectively.   
 Phenyl migration in substituted adducts.  Heating the various substituted 
alkene adducts 5-9 at 50°C for 30 min induced phenyl migration and subsequent C-H 
activation to afford the corresponding metallacycle products (eq 4-7).  Phenyl migration 
of the propylene adduct 5 resulted in four unique Pt-H signals (Figure 4.6), reflecting the 
four possible insertion isomers 14a-d.  The methyl group on the alkyl bridge of each 
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isomer resonates as a doublet in the 1.0-1.5 ppm region of the 1H NMR spectrum and was 
confirmed to couple with the bridge methine proton by 1H,1H-COSY NMR.  The aryl 
ligand can migrate to either the α- or β-carbon to give rise to two structural isomers in 
which the methyl is located on either carbon of the alkyl bridge.  A stereocenter is 
produced, resulting in up and down options for the methyl substituent.  The metal center 
is also chiral, thereby generating a total of eight isomers, half of which are enantiomer 
pairs that are not differentiated by routine NMR.  The Pt-H signal intensity ratios display 
a 4:6:2:1 distribution of metallacycle products from propylene adduct 5-L1.  To our 
surprise, the insertion reaction of the 1-hexene adduct 6 to afford metallacycles 15a-d did 
not significantly change this isomeric distribution of products. 
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Figure 4.6. Pt-H region of the 1H NMR spectrum of 14a-d. 
 
  Metallacycle formation resulting from the cis-2-butene and trans-2-butene 
adducts 7 and 8 also resulted in four prominent Pt-H signals and these isomer 
distributions were identical in chemical shift, platinum coupling, and ratio (2:5:4:1) to 
one another, indicating that both starting materials converge to the same set of isomeric 
products.  This outcome is consistent with the fluxional nature of the parent compound 12 
in which the aryl and alkyl fragments undergo facile C-H reductive elimination and 
oxidative addition.  Reductive elimination of the hydride and alkyl bridge followed by 
free rotation and re-activation erases the cis or trans relationship of the two methyl 
substituents in the bridge, allowing each adduct to form four isomers.  It is conceivable 
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that after alkyl elimination another mechanistic possibility would be C-H activation of the 
terminal methyl of the now-three carbon parent alkyl chain, resulting in a six-membered 
ring with a stereocenter at the γ-carbon.  Indeed, two additional Pt-H signals of minute 
intensity at -19.0 and -19.2 ppm with identical platinum coupling (1JPt-H = 1544 Hz) are 
observed in the 1H NMR spectrum, which may reflect this rearrangement to form a six-
membered metallacycle product. 
 In order to elucidate the identity of each metallacycle isomer from the 
corresponding Pt-H signals, we examined a simpler system – the insertion product 
formed from the isobutylene adduct 9.  As expected, only two Pt-H signals resulted from 
phenyl migration (50°C, 30 min), reflecting geminal methyls on either the α- or β-
carbons, 17b and 17a, respectively.  The 1H,13C-HMQC NMR (Figure 4.7) spectrum 
reveals that in the major isomer, a cross peak exists that correlates protons Hb and Hc with 
the α-carbon, consistent with 17a.  The NOESY NMR of 17a (Figure 4.8) confirms this 
assignment, revealing that the methylene “down” proton, Hc, has a through-space 
dependent nOe with the hydride signal. 
Migration of phenyl to the sterically hindered β-carbon of isobutylene gave rise to 
the major isomer, a result we found counter-intuitive. Monitoring the insertion by 1H 
NMR while heating 9 at 35°C demonstrated the appearance of both isomers in a 3:1 ratio 
(17a:17b). After several hours, only one Pt-H signal (that of 17a) and a single TtR species 
remained, suggesting that 17b undergoes rearrangement to 17a (Figure 4.9).  We believe 
that 17b, generated from phenyl migration to the less sterically hindered α-carbon, is the 
kinetic product of insertion.  The resulting metallacyle contains geminal methyl 
substituents proximal to the metal center and bulky TtR ligand.  The lower steric energy 
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penalty associated with moving the methyl groups further away from the metal center 
provides a driving force to the thermodynamically favored isomer 17a.  Conversion from 
17b to 17a presumably proceeds through the original isobutylene adduct 9 as an 
intermediate, and implies reversible C-C bond formation (Figure 4.10).  This 
rearrangement is consistent with similar reactivity observed in metallacycle formation 
from Tp′Pt(Ph)(CH2=CHCH3).8 
 
Figure 4.7. 1H,13C-HMQC NMR spectrum of 17a-L1.  The cross peak correlating Hb and 
Hc with the α-carbon confirms the identity of the major isomer having geminal methyl 
groups on the β-carbon. 
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Figure 4.8. NOESY NMR spectrum of 17a-L1. 
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Figure 4.9.  Pt-H region of the 1H NMR spectrum of 17a/17b during thermolysis at 
35°C.  The initial ratio of 17a:17b is 3:1.  After several hours, 17a is the dominant 
product. 
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Figure 4.10.  Proposed reaction coordinate diagram for the conversion of 17b to 17a 
through isobutylene adduct 9. 
 
The isobutylene adduct reveals the thermodynamic preference for forming 
isomers in which substituents are located on the β-carbon, but these isomers did not assist 
in differentiating preferences for the up or down options at a stereocenter, such as in 14-
16.  We therefore sought an adduct that would retain its cis or trans geometry regardless 
of rapid and reversible alkyl reductive elimination and oxidative addition.  Cyclopentene 
served as an attractive olefin that met this criteria.  When the protonation and warming 
sequence was performed with cyclopentene as the trapping alkene, the expected η2-bound 
adduct was not produced; rather, rapid phenyl migration occurred upon alkene binding, 
resulting in metallacycle formation (eq 5, 18a/18b). Recalling that the similar cis-2-
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butene complexes formed an isolable olefin adduct which required mild heating to induce 
metallacycle formation, the rapid insertion of cyclopentene demonstrates that alkene 
strain has a profound influence on the rate of migration of the phenyl ligand.  In the 1H 
NMR spectrum, two Pt-H signals in a 3:1 ratio were observed reflecting the up and down 
orientations accessible to the original cyclopentyl ring.  The NOESY NMR of this 
mixture (Figure 4.11) indicated that in the major isomer 18a, there is an NOE through-
space interaction between the hydride Ha and four protons of the cyclopentyl ring.  
Likewise, in the minor isomer 18b, a through-space interaction is present between Ha and 
Hb, revealing a preference for olefin substituents in the “down” position relative to the 
apical TtR nitrogen and extending in the same direction as the hydride from the plane of 
the metallacycle.   The complete 1H NMR spectrum of 18b was assigned with assistance 
from the HMQC NMR spectrum (Figure 4.12) 
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Figure 4.11.  NOESY NMR spectrum of 18a/18b. 
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Figure 4.12. 1H,13C-HMQC NMR spectrum of 18a-L1. 
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With these results in mind, we reexamined the more complicated propylene 
insertion scenario.  Heating the propylene adduct 5 at 50°C overnight and monitoring the 
1H NMR produced isomer ratio shifts with time reminiscent of isobutylene complex 9.  
The two initial minor Pt-H signals decrease in intensity, leaving only the two major 
products 14a and 14b after several hours.  Ultimately, the two major isomers decompose 
upon prolonged heating.  We believe this system displays isomer preferences similar to 
those described for the conversion of 9 to 17a.  The two minor isomers, 14c and 14d, 
contain a methyl group on the α-carbon and, upon heating, rearrange to the less sterically 
hindered pair of diastereomers 14a and 14b.  Given the preference for substituents to 
extend in the same direction as the hydride from the metallacyclic plane, we postulate 
that the more populated diastereomer 14a has the methyl pointed “down” relative to the 
apical nitrogen (Figure 4.13).  
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Figure 4.13. The four metallacycle products from propylene insertion in 5. 
 
Reaction Sequence Energy Barriers.  The thermodynamic parameters obtained 
and the intermediates isolated for the reaction sequence reveal that the pathway from 
diphenyl hydride 2 to metallacycle products 12-18 traverses two significant energy 
barriers.  After a κ3/κ2 conversion, the first barrier is reductive coupling and arene loss 
from the putative η2-benzene adduct, which is trapped with an olefin to form a π-bound 
alkene complex.  The second energy barrier, which is phenyl migration, varies depending 
on the identity of the olefin.  For ethylene and simple mono-, and di-substituted olefins 
this barrier is greater than that of the initial reductive coupling, and allows the isolation 
of the η2-alkene adduct (Figure 4.14).  However, for cyclic alkenes, we postulate that the 
added strain provides a less hindered route for the phenyl ligand to migrate, resulting in a 
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barrier that is less than the reductive coupling step.  After elimination of benzene from 2 
and displacement by cyclopentene, the η2-alkene adduct is not observed and the cascade 
continues to the final metallacyclic product. 
 
Figure 4.14.  Proposed reaction coordination diagram for the conversion of  
2 to olefin adducts 4-9 and subsequent insertion reactions. 
 
 Formation of alkyl metallacycle complexes.  In our studies of the dimethyl and 
diphenyl hydride reagents [TtRPtMe2H]+ and [TtRPtPh2H]+ 2, we found the hydride to be 
acidic: addition of base regenerated the respective κ2 Pt(II) precursors.25  In view of the 
acidity of these Pt(IV) hydride complexes, triethylamine was added to a methylene 
chloride solution of 12-L2 in hopes of obtaining the neutral product,                               
κ2-TtCyPt(CH2CH2o-C6H4) 19-L2.  Indeed, the addition of base generated neutral 
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metallacycle 19-L2 in 90% yield as monitored by 1H NMR.  The TtR triazolyl proton 
signals exhibited a 1:1:1 ratio with a characteristically large chemical shift difference (ca. 
0.6 ppm) between the two bound arms and the one free arm, clearly indicating κ2 
coordination of the TtCy ligand. 
 Similar to other κ2-TtRPtR2 compounds, the metal center in this Pt(II) metallacyle 
was susceptible to oxidation to form cationic Pt(IV) complexes by the addition of 
electrophilic alkyl or allyl reagents.  Treating a methylene chloride solution of 
metallacycle 19 with methyl triflate at room temperature generated 20, the methyl analog 
of the hydride 12 (eq. 8).  Metallacycle 20 exhibits a resonance in the 1H NMR spectrum 
at 1.5 ppm with two-bond platinum coupling of 74 Hz, which is compatible with other 
reported Pt(IV)-methyl complexes.10,31-33  Allowing 20 to stand at room temperature 
overnight did not result in the appearance of a platinum hydride NMR signal.  Note that 
C-C reductive elimination of the methyl group and C-H activation of the aryl would be 
expected to produce a Pt-H product.  Similar to the synthesis of 20, addition of allyl 
iodide to 19 produced the Pt-allyl metallacycle 21.  The allyl complex 21 also did not 
result in C-C elimination and rearrangement, even upon gentle heating at 35°C, in 
contrast to previously reported C-C coupling and formation of biphenyl from 
[TtRPtPh2(σ-allyl)]+.25  These results indicate that both 20 and 21 are static complexes at 
moderate temperatures and do not undergo facile reductive C-C bond formation, 
presumably due to a significantly higher barrier for C-C coupling than for the comparable 
C-H formation and cleavage reactions evident in the hydride analogues 12-18.  
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Summary 
  Phenyl olefin Pt(II) complexes 4-9 have been prepared via benzene loss from 
[TtRPtPh2H][BF4] and subsequent trapping with added olefin.  Mild heating of the olefin 
adducts promotes migratory insertion of the olefin into the phenyl-platinum bond and this 
is followed by ortho C-H activation and metallacycle formation.  The mechanism for this 
transformation is believed to be initiated by a facile κ3/κ2 interconversion, leading to a 
reactive unsaturated Pt(II) fragment.  The reversible coordination of the apical triazolyl 
nitrogen results in a dynamic metallacycle complex from which aryl and aliphatic 
elimination and re-activation readily occur.  Thermolysis of the isobutylene insertion 
products reveals conversion of the kinetically favored α-substituted metallacycle to the 
thermodynamically favored β-substituted isomer, and this isomerization proceeds via a 
reversible C-C bond forming step.  
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Experimental Section 
 
Materials and Methods 
 All reactions were performed under an atmosphere of dry nitrogen using standard 
Schlenk and drybox techniques.  Nitrogen was purified by passage through columns of 
BASF R3-11 catalyst and 4 Å molecule sieves. Methylene chloride, hexanes, and pentane 
were purified under an argon atmosphere and passed through a column packed with 
activated alumina.  All other chemicals were used as received without further 
purification.  
1H, 31P, and 13C NMR spectra were recorded on Bruker DRX400, AVANCE400, 
or AMX300 spectrometers. 1H NMR and 13C NMR chemical shifts were referenced to 
residual 1H and 13C signals of the deuterated solvents.  Elemental analyses were 
performed by Robertson Microlit Laboratories of Madison, NJ.  High-resolution mass 
spectra were recorded on a Bruker BioTOF II ESI-TOF mass spectrometer.  Mass 
spectral data are reported for the most abundant platinum isotope. Tris(1-phenyl-1H-
1,2,3-triazol-4-yl)phosphine oxide (TtPh),24  tris(1-cyclohexyl-1H-1,2,3-triazol-4-
yl)phosphine oxide (TtCy),25  and [Pt(C6H5)2(SEt2)]234 were synthesized using published 
procedures.   
For simplicity in presenting NMR data, the carbon atoms of the cyclohexyl group 
of the TtCy ligand are designated by the labeling scheme in Figure 12.  Likewise in 
metallacycle complexes, the carbon atoms are designated by the labeling scheme in 
Figure 13. 
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Figure 4.15.  Carbon labels in the cyclohexyl group of the TtCy ligand. 
 
Figure 4.16. Carbon labels in the metallacycle complexes. 
 
Synthesis of κ2 TtRPtPh2 Complexes 
(κ2-TtPh)Pt(Ph)2  (1-L1).  [Pt(Ph)2(SEt2)2]2 (0.061 g, 0.070 mmol) and TtPh (0.033 
g, 0.070 mmol) were placed in a Schlenk flask under nitrogen.  CH2Cl2 (10 mL) was 
added through the septum and the reaction mixture was stirred for 30 min at room 
temperature.  After evaporation of the solvent, the resulting oil was purified by flash 
chromatography on alumina.  The column was flushed with ethyl acetate and then by 
methanol.  The methanol eluent was collected, and the solvent was removed by rotary 
evaporation to produce (κ2-TtPh)Pt(Ph)2 (0.033 g, 0.039 mmol) as a white solid in 56% 
yield.  1H NMR (CD2Cl2, 300 K, δ): 9.27 , 8.87 (s, 1H, 2H, TtPhCH), 7.80-7.51 (m, 15H, 
TtPhC6H5), 7.07 (d, 4H, 3JPt-H = 52 Hz, Pt-Ar Ho), 6.70-6.77 (m, 6H, Pt-Ar Hm and Hp).  
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31P{1H}  NMR (CD2Cl2, 294 K, δ): -8.7 (s, 1P, TtPhP=O).  13C{1H} NMR (CD2Cl2, 293 
K, δ): 141.0 (s, 2C, Pt-Ar ipso-Ph), 140.5 (d, 1C, O=PC, 1JP-C = 170 Hz), 139.0 (d, 2C, 
O=PC, 1JP-C = 149 Hz), 138.8 (s, 4C, Pt-Ar m-Ph), 136.5, 136.2 (s, 1C, 2C, TtPh ipso-Ph), 
130.9 (s, 2C, TtPh p-Ph), 130.6 (s, 4C, TtPh o-Ph), 130.5 (d, 1C, 1JP-C = 33 Hz, O=PC), 
130.3 (s, 2C, TtPh o-Ph), 130.1 (s, 1C, TtPh p-Ph), 130.1 (d, 2C, 2JP-C = 25 Hz, O=PCCH), 
126.3 (s, 4C, Pt-Ar o-Ph), 122.2 (s, 2C, Pt-Ar p-Ph), 121.4 (s, 2C, 4C, TtPh m-Ph).  Anal. 
Calcd for C36H28N9OPPt: C, 52.18; H, 3.41; N, 15.21; Found: C, 52.35; H, 3.24; N, 
15.07.  
(κ2-TtCy)Pt(Ph)2  (1-L2).  [Pt(Ph)2(SEt2)2]2 (0.061 g, 0.070 mmol) and TtCy 
(0.035 g, 0.070 mmol) were placed in a Schlenk flask under nitrogen.  CH2Cl2 (10 mL) 
was added through the septum and the reaction mixture was stirred for 30 min at room 
temperature.  After removal of the solvent, the resulting oil was purified by flash 
chromatography on alumina.  The column was first flushed with ethyl acetate and then by 
methanol.  The methanol eluent was collected and the solvent was removed by rotary 
evaporation to produce (κ2-TtCy)Pt(Ph)2 (0.043 g, 0.051 mmol) as a white solid in 74% 
yield (by TtCy ligand) .  1H NMR (CD2Cl2, 291 K, δ): 8.96, 8.36 (s, 1H, 2H, TtCyCH), 
7.04 (d, 4H, 3JPt-H = 63 Hz, 3JH-H = 7 Hz, Ho), 6.72-6.80 (m, 6H, Hm and Hp), 4.50 (m, 3H, 
NCHCy), 1.21-2.22 (m, 30H, cyclohexyl).  31P{1H}  NMR (CD2Cl2, 293 K, δ):  -7.09 (s, 
1P, TtCyP=O ).  13C{1H} NMR (CD2Cl2, 292 K, δ): 141.7 (s, 2C, ipso-Ph), 139.1 (s, 4C, 
m-Ph), 139.1 (d, 1C, O=PC, 1JP-C = 169 Hz), 138.1 (d, 2C, O=PC, 1JP-C = 149 Hz), 129.7 
(d, 1C, O=PCCH, 2JP-C = 33 Hz), 129.1 (d, 2C, O=PCCH, 2JP-C = 24 Hz),  126.1 (s, 4C, 
o-Ph), 121.9 (s, 2C, p-Ph), 62.4, 61.2 (s, 2C, 1C, CA), 33.8-33.1 (s, 1:1:1, 6C, CB), 25.4-
25.1 (s, 1:1:1 and 2:1, 9C, CC and CD).  HRMS (ESI) m/z Calc.: 979.2265 (M + Cs+). 
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Found: 979.2296.  Anal. Calcd for C36H28N9OPPt·½CH2Cl2: C, 49.30; H, 5.29; N, 14.18; 
Found: C, 48.54; H, 5.24; N, 14.22. 
 
Synthesis of [(κ3-TtR)Pt(Ph)2H][X] complexes 
  [(κ3-TtPh)Pt(Ph)2H][BF4] (2-L1).  TtPhPtPh2 1-L1 (0.030 g, 0.035 mmol) was 
weighed into an NMR tube in a drybox.  CD2Cl2 (0.6 mL) was added through the septum 
and the solution was cooled to -78° C outside of the drybox.  The methylene chloride 
solution was treated with 1 equiv of HBF4·Et2O (4.5 μL, 0.035 mmol) and placed inside 
the cold probe of the NMR spectrometer.  The 1H NMR spectrum showed quantitative 
conversion to 2-L1.  1H NMR (CD2Cl2, 195 K, δ): 9.41, 9.30 (s, 1H, 2H, TtPhCH), 7.79-
6.96 (m, 25H, TtPhC6H5 and Pt-C6H5), -19.18 (s, 1H, 1JPt-H = 1581 Hz, Pt-H).  31P{1H} 
NMR (CD2Cl2, 195 K, δ): -6.5 (s, 1P, TtPhP=O).   13C {1H} NMR (CD2Cl2, 195 K, δ): 
137.2 (s, 3C, TtPh ipso-Ph), 134.9 (d, 2C, O=PC, 1JP-C = 155 Hz), 134.5 (s, Pt-Ar m-Ph), 
134.4 (d, 1C, O=PC, 1JP-C = 155 Hz), 130.7 (s, 3C, TtPt p-Ph), 130.5 (d, 3C, O=PCCH, 
2JP-C = 30 Hz), 129.8 (s, 6C, TtPh o-Ph), 128.2 (s, 2C, Pt-Ar ipso-Ph), 127.3 (s, 4C, 2JPt-C 
= 62 Hz, Pt-Ar o-Ph), 124.9 (s, 2C, Pt-Ar p-Ph), 120.9 (s, 6C, TtPh m-Ph). 
[(κ3-TtCy)Pt(Ph)2H][BF4] (2-L2).  The same procedure was performed using the 
analgous TtCyPt(Ph)2 1-L2 starting material.  Quantitative conversion to 2-L2 was 
observed. 1H NMR (CD2Cl2, 200 K, δ): 8.81, 8.75 (s, 1H, 2H, TtCyCH), 7.16 (s, 4H, 3JPt-H 
= 53 Hz, Pt-Ar Ho), 6.99, 6.90 (m, 6H, Pt-Ar Hm and Hp),  4.67, 4.58 (m, 1H, 2H, CA-H), 
2.10-1.09 (m, 30H, cyclohexyl), -19.40 (s, 1H, 1JPt-H = 1554 Hz, Pt-H).  31P{1H}  NMR 
(CD2Cl2, 200 K, δ):  -5.7 (s, 1P, TtCyP=O).  13C{1H} NMR (CD2Cl2, 200 K, δ): 137.3 (s, 
4C, Pt-Ar m-Ph), 134.3, 133.7 (d, 2C, 1C, O=PC, 1JP-C = 150 Hz), 129.2 (d, 3C, 
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O=PCCH, 2JP-C = 23 Hz), 127.9 (s, 2C, Pt-Ar ipso-Ph), 127.2 (s, 4C, 2JPt-C = 60 Hz, Pt-Ar 
o-Ph), 124.6 (s, 2C, Pt-Ar p-Ph), 62.5, 62.4 (s, 1C, 2C, CA), 32.7-32.2 (s, 6C, CB), 24.4-
23.9 (s, 9C, CC and CD). 
 
Elimination and Trapping Reactions 
 In a typical experiment, 1 (0.035 mmol) was placed in a Schlenk flask under 
nitrogen.  Methylene chloride (10 mL) was added through the septum and the solution 
was cooled to -78°C in a dry ice/isopropanol bath.  The solution was treated with 1 equiv 
HBF4·Et2O (0.035 mmol).  The mixture was allowed to warm to room temperature while 
sparged with the appropriate trapping gas.  The solvent was removed by rotary 
evaporation and the resulting oil triturated with pentane to afford the desired trapped 
product 3-9 as a white powder in high yield by 1H NMR.  
[(κ3-TtPh)Pt(CO)(Ph)][BF4] (3-L1).  1H NMR exhibited quantitative conversion 
to 3-L1. 1H NMR (CD2H2, 291 K, δ): 9.45, 9.34 (s, 1H, 2H, TtPhCH), 7.90-715 (m, 25H, 
TtPhC6H5 and Pt-C6H5).  31P{1H} NMR (CD2Cl2, 291 K, δ): -5.7 (s, 1P, TtPhP=O).  13C 
{1H} NMR (CD2Cl2, 284 K, δ): 159.1 (s, 1C, Pt-CO), 138.2 (d, 3C, O=PC, 1JP-C = 160 
Hz), 137.1 (s, 2C, Pt-Ar m-Ph), 135.8, 135.6 (s, 2C, 1C, TtPh ipso-Ph), 132.3 131.9 (d, 
1C, 2C, O=PCCH, 2JP-C = 23 Hz), 131.6, 130.9 (s, 1C, 2C, TtPt p-Ph), 130.6, 130.4 (s, 2C, 
4C, TtPh o-Ph), 128.9 (s, 2C, Pt-Ar o-Ph), 126.8 (s, 1C, Pt-Ar p-Ph), 122.9 (s, 1C, Pt-Ar 
ipso-Ph), 121.9, 121.4 (s, 2C, 4C TtPh m-Ph).  IR (CH2Cl2 solution)  νCO = 2128 cm-1.  
HRMS (ESI) m/z Calc.: 779.1360 (M+). Found: 779.1376.  Anal Calcd for 
C32H27BF4N9OPPt: C, 42.97; H, 2.68; N, 14.55. Found: C, 43.45; H, 2.91; N, 14.15.   
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[(κ3-TtCy)Pt(CO)(Ph)][BF4] (3-L2).  1H NMR exhibited quantitative conversion 
to 3-L2.  1H NMR.  1H NMR (CD2Cl2, 292 K, δ): 8.82, 8.72 (s, 1H, 2H, TtCyCH), 7.31-
7.11 (m, 5H, Pt-C6H5), 4.55, 4.52 (m, 1H, 2H, CA-H), 2.31-1.30 (m, 30H, cyclohexyl). 
31P{1H}  NMR (CD2Cl2, 292 K, δ): -6.8 (s, 1P, TtCyP=O).  13C{1H} NMR (CD2Cl2, 292 
K, δ): 159.5 (s, 1C, Pt-CO), 137.2 (d, 3C, O=PC, 1JP-C = 155 Hz), 137.2 (s, 2C, Pt-Ar m-
Ph), 131.4 (d, 3C, O=PCCH, 2JP-C = 28 Hz), 128.7 (s, 2C, Pt-Ar o-Ph), 126.6 (s, 1C, Pt-
Ar p-Ph), 123.4 (s, 1C, Pt-Ar ipso-Ph), 63.9, 62.8 (s, 1C, 2C, CA), 33.2, 33.1 (s, 6C, CB), 
25.2-25.0 (s, 9C, CC and CD).   IR (CH2Cl2 solution) νCO = 2126 cm-1.  HRMS (ESI) m/z 
Calc.: 797.2769 (M+). Found: 797.2777.  Anal. Calcd for C31H41N9O2PPt·½CH2Cl2: C, 
40.84; H, 4.54; N, 13.61; Found: C, 41.25; H, 4.36; N, 13.29. 
[(κ3-TtPh)Pt(η2-C2H4)(Ph)][BF4] (4-L1).  1H NMR exhibited quantitative 
conversion to 4-L1.  1H NMR (CD2Cl2, 260 K, δ): 9.28, 9.27 (s, 1H, 2H, TtPhCH), 8.03-
7.49 (m, 15H, TtPhC6H5), 7.10-7.01 (m, 5H, Pt-C6H5), 3.50 (s, 4H, 2JPt-H = 81 Hz, Pt-
C2H4).  31P {1H}  NMR (CD2Cl2, 260 K, δ):  -7.6 (s, 1P, TtPhP=O).  13C {1H} NMR 
(CD2Cl2, 260 K, δ): 136.9 (d, 2C, O=PC, 1JP-C = 152 Hz), 136.7 (s, 2C, Pt-Ar m-Ph), 
136.5 (d, 1C, O=PC, 1JP-C = 150 Hz), 135.6, 135.5 (s, 2C, 1C, TtPh ipso-Ph), 131.2, 130.8 
(s, 1C, 2C, TtPt p-Ph), 130.4 (s, 6C, TtPh o-Ph), 127.8 (s, 2C, Pt-Ar o-Ph), 124.9 (s, 1C, 
Pt-Ar p-Ph), 122.2 (s, 1C, Pt-Ar ipso-Ph), 121.8, 121.5 (s, 2C, 4C, TtPh m-Ph), 41.8 (s, 
2C, 1JPt-C = 316 Hz, Pt-C2H4).  HRMS (ESI) m/z Calc.: 779.1724 (M+). Found: 779.1693.  
Anal Calcd for C32H27BF4N9OPPt: C, 44.36; H, 3.14; N, 14.55. Found: C, 44.62; H, 2.96; 
N, 14.30.   
[(κ3-TtCy)Pt(η2-C2H4)(Ph)][BF4] (4-L2).  1H NMR exhibited quantitative 
conversion to 4-L2.  1H NMR (CD2Cl2, 270 K, δ): 8.70 (s, 3H, TtCyCH), 7.89 (d, 2H, Pt-
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Ar Ho), 7.04-6.97 (m, 3H, Pt-Ar Hm and Hp), 4.63 (m, 3H, CA-H), 3.25 (s, 4H, 2JPt-H = 86 
Hz, Pt-C2H4), 2.20-1.31 (m, 30H, cyclohexyl). 31P{1H}  NMR (CD2Cl2, 270 K, δ): -8.2 
(s, 1P, TtCyP=O).  13C{1H} NMR (CD2Cl2, 270 K, δ): 137.1 (s, 2C, Pt-Ar m-Ph), 135.6 
(d, 2C, O=PC, 1JP-C = 151 Hz), 135.3 (d, 1C, O=PC, 1JP-C = 150 Hz), 130.2 (d, 1C, 
O=PCCH, 2JP-C = 24 Hz), 129.8 (d, 1C, O=PCCH, 2JP-C = 24 Hz), 127.6 (s, 2C, Pt-Ar o-
Ph), 124.6 (s, 1C, Pt-Ar p-Ph), 122.1 (s, 1C, Pt-Ar ipso-Ph), 63.1, 62.7 (s, 1C, 2C, CA), 
38.0 (s, 2C, 1JPt-C = 363 Hz, Pt-C2H4), 33.2-32.9 (s, 6C, CB), 25.0-24.7 (s, 9C, CC and 
CD).  HRMS (ESI) m/z Calc.: 797.3133 (M+). Found: 797.3108. 
[(κ3-TtPh)Pt(η2-propylene)(Ph)][BF4] (5-L1).  1H NMR exhibited 85% 
conversion to 5-L1.   1H NMR (CD2Cl2, 298 K, δ): 9.33, 9.31, 9.25 (s, 1H, 1H, 1H, 
TtPhCH), 7.86-7.44 (m, 15H, TtPhC6H5), 7.32-6.96 (m, 5H, Pt-C6H5), 5.26 (m, 1H, 
H2C=CHCH3), 4.71 (d, 1H, 3JH-H = 8 Hz, Pt-Hcis to HHC=CHCH3), 4.67 (d, 1H, 3JH-H = 14 
Hz, Htrans to HHC=CHCH3), 1.39 (d, 3H, 3JH-H = 6 Hz, H2C=CHCH3).  31P{1H}  NMR 
(CD2Cl2, 255 K, δ):  -4.6 (s, 1P, TtPhP=O).  13C {1H} NMR (CD2Cl2, 255 K, δ): 137.8 (d, 
1C, O=PC, 1JP-C = 162 Hz), 137.1 (d, 1C, O=PC, 1JP-C = 156 Hz), 136.5 (d, 1C, O=PC, 
1JP-C = 151 Hz), 135.5, 135.4, 135.3 (s, 1C, 1C, 1C, TtPh ipso-Ph), 134.9 (s, 2C, Pt-Ar m-
Ph), 132.1 (d, 2C, O=PCCH, 2JP-C = 24 Hz), 131.7 (d, 1C, O=PCCH, 2JP-C = 24 Hz), 
131.0 (s, 2C, Pt-Ar o-Ph), 130.7, 130.3, 130.2 (s, 1C, 1C, 1C, TtPh p-Ph), 130.2 (s, 6C, 
TtPh o-Ph), 127.9 (s, 1C, Pt-Ar p-Ph), 124.7 (s, 1C, Pt-Ar ipso-Ph), 121.5, 121.0, 120.9 (s, 
2C, 2C, 2C, TtPh m-Ph), 93.8 (s, 1C, H2C=CHCH3), 70.7 (s, 1C, H2C=CHCH3), 20.6 (s, 
1C, H2C=CHCH3).  HRMS (ESI) m/z Calc.: 793.1881 (M+). Found: 793.1816. 
[(κ3-TtCy)Pt(η2-propylene)(Ph)][BF4] (5-L2).  1H NMR exhibited 86% 
conversion to 5-L2.   1H NMR (CD2Cl2, 298 K, δ): 8.72, 8.67 (s, 2H, 1H, TtCyCH), 7.20 
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(d, 2H, Pt-Ar Ho), 6.98-6.90 (m, 3H, Pt-Ar Hm and Hp), 5.01 (m, 1H, H2C=CHCH3), 4.63, 
4.55 (m, 1H, 2H, CA-H), 4.47 (d, 1H, Hcis to HHC=CHCH3), 4.45 (d, 1H, Htrans to 
HHC=CHCH3), 2.27-1.26 (m, 30H, cyclohexyl). 31P{1H}  NMR (CD2Cl2, 255 K, δ):  -6.1 
(s, 1P, TtCyP=O).  13C{1H} NMR (CD2Cl2, 270 K, δ): 137.1 (d, 1C, O=PC, 1JP-C = 159 
Hz), 137.0 (d, 1C, O=PC, 1JP-C = 159 Hz), 136.4 (d, 1C, O=PC, 1JP-C = 152 Hz), 135.5 (s, 
2C, Pt-Ar m-Ph), 131.0 (d, 1C, O=PCCH, 2JP-C = 24 Hz), 130.5 (d, 1C, O=PCCH, 2JP-C = 
26 Hz), 130.2 (d, 1C, O=PCCH, 2JP-C = 27 Hz), 127.0 (s, 2C, Pt-Ar o-Ph), 124.4 (s, 1C, 
Pt-Ar p-Ph), 121.6 (s, 1C, Pt-Ar ipso-Ph), 62.9, 62.3, 62.0 (s, 1C, 1C, 1C, CA), 60.7 (s, 
1C, H2C=CHCH3), 33.5-32.5 (s, 6C, CB), 25.6-24.7 (s, 9C, CC and CD), 14.1 (s, 1C, 
H2C=CHCH3).  HRMS (ESI) m/z Calc.: 811.3289 (M+). Found: 811.3308. 
 [(κ3-TtPh)Pt(η2-1-hexene)(Ph)][BF4] (6-L1).  1H NMR exhibited 96% 
conversion to 6-L1.  1H NMR (CD2Cl2, 275 K, δ): 9.39, 9.35, 9.30 (s, 1H, 1H, 1H, 
TtPhCH), 7.88-7.51 (m, 15H, TtPhC6H5), 7.35-6.96 (m, 5H, Pt-C6H5), 4.98 (m, 1H, 
H2C=CH(Bu)), 4.60, 4.50 (s, 2H, H2C=CH(Bu)), 1.73-0.64 (m, 9H, H2C=CH(Bu)).  
31P{1H}  NMR (CD2Cl2, 255 K, δ):  -4.9 (s, 1P, TtPhP=O).  13C {1H} NMR (CD2Cl2, 275 
K, δ): 138.0 (d, 1C, 1JP-C = 161 Hz, O=PC), 137.7 (d, 2C, 1JP-C = 160 Hz, O=PC), 135.7 
(s, 3C, TtPh ipso-Ph), 135.2 (s, 2C, Pt-Ar m-Ph), 132.3 (d, 2C, 2JP-C = 28 Hz, O=PCCH,), 
131.3 (d, 2C, O=PCCH), 130.8, 130.7, 130.4 (s, 1C, 1C, 1C, TtPh p-Ph), 130.3 (s, 6C, 
TtPh o-Ph), 127.2 (s, 2C, Pt-Ar o-Ph), 124.9 (s, 1C, Pt-Ar p-Ph), 121.7 (s, 1C, Pt-Ar ipso-
Ph), 121.7, 121.2 (s, 2C, 4C, TtPh m-Ph), 96.8 (s, 1C, H2C=CH(Bu)), 68.7 (s, 1C, 
H2C=CH(Bu)), 34.5 (s, 1C, H2C=CH(CH2CH2CH2CH3)), 31.7 (s, 1C, 
H2C=CH(CH2CH2CH2CH3)), 22.3 (s, 1C, H2C=CH(CH2CH2CH2CH3)), 13.9 (s, 1C, 
H2C=CH(CH2CH2CH2CH3)).  HRMS (ESI) m/z Calc.: 835.2350 (M+). Found: 835.2335. 
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[(κ3-TtCy)Pt(η2-1-hexene)(Ph)][BF4] (6-L2).  1H NMR exhibited 94% 
conversion to 6-L2.   1H NMR (CD2Cl2, 298 K, δ): 8.66, 8.65, 8.61 (s, 1H, 1H, 1H, 
TtCyCH), 7.33 (d, 2H, Pt-Ar Ho), 7.00-6.93 (m, 3H, Pt-Ar Hm and Hp), 4.77 (m, 1H, 
H2C=CH(Bu)), 4.62, 4.56 (m, 1H, 2H, CA-H), 4.29 (d, 1H, 3JH-H = 18 Hz, Htrans to 
HC=CH(Bu)), 4.26 (d, 1H, 3JH-H = 9 Hz, Hcis to HC=CH(Bu)), 2.23-0.77 (m, cyclohexyl 
and H2C=CH(Bu)). 31P{1H}  NMR (CD2Cl2, 275 K, δ):  -7.3 (s, 1P, TtCyP=O).  13C{1H} 
NMR (CD2Cl2, 275 K, δ): 137.2 (d, 1C, O=PC, 1JP-C = 154 Hz), 136.7 (d, 2C, O=PC, 1JP-
C = 146 Hz), 135.6 (s, 2C, Pt-Ar m-Ph), 130.8 (d, 1C, O=PCCH, 2JP-C = 24 Hz), 130.5 (d, 
1C, O=PCCH, 2JP-C = 27 Hz), 130.2 (d, 1C, O=PCCH, 2JP-C = 26 Hz), 127.7 (s, 2C, Pt-Ar 
o-Ph), 124.6 (s, 1C, Pt-Ar p-Ph), 121.8 (s, 1C, Pt-Ar ipso-Ph), 87.2 (s, 1C, 
H2C=CH(Bu)), 77.6 (s, 1C, H2C=CH(Bu)), 63.9, 62.5, 62.4 (s, 1C, 1C, 1C, CA), 33.2-
33.1 (s, 7C, CB and H2C=CH(CH2CH2CH2CH3)), 31.8 (s, 1C, 
H2C=CH(CH2CH2CH2CH3)), 25.0-24.9 (s, 9C, CC and CD), 22.4 (s, 1C, 
H2C=CH(CH2CH2CH2CH3)), 13.9 (s, 1C, H2C=CH(CH2CH2CH2CH3)).  HRMS (ESI) 
m/z Calc.: 853.3758 (M+). Found: 853.3746. 
 [(κ3-TtPh)Pt(η2-cis-2-butylene)(Ph)][BF4] (7-L1).  1H NMR exhibited 85% 
conversion to 7-L1.  1H NMR (CD2Cl2, 275 K, δ): 9.36, 9.32 (s, 1H, 2H, TtCyCH), ), 
7.86-7.49 (m, 15H, TtPhC6H5), 7.09-6.90 (m, 5H, Pt-Ar), 5.50 (s, 2H, CH3CH=CHCH3), 
1.49 (s, 6H, CH3CH=CHCH3.  31P{1H}  NMR (CD2Cl2, 295 K, δ):  -8.9 (s, 1P, TtCyP=O).  
13C{1H} NMR (CD2Cl2, 275 K, δ): 140.6 (d, 1C, O=PC, 1JP-C = 159 Hz), 138.8 (d, 2C, 
O=PC, 1JP-C = 159 Hz), 136.3 (s, 1C, TtPh ipso-Ph), 135.7 (s, 2C, Pt-Ar m-Ph), 134.9 (s, 
2C, TtPh ipso-Ph), 131.3 (d, 1C, O=PCCH, 2JP-C = 28 Hz), 130.5 (d, 2C, O=PCCH, 2JP-C = 
23 Hz), 130.4-129.76 (4C, 2C, 2C, 1C, TtPh o-Ph and p-Ph), 127.3 (s, 2C, Pt-Ar o-Ph), 
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124.4 (s, 1C, Pt-Ar p-Ph), 121.1, 121.0 (s, 2C, 4C, TtPh m-Ph), 90.9 (s, 2C, 
CH3CH=CHCH3), 15.6 (s, 2C, CH3CH=CHCH3).  HRMS (ESI) m/z Calc.: 807.2037 
(M+). Found: 807.2019. 
[(κ3-TtCy)Pt(η2-cis-2-butylene)(Ph)][BF4] (7-L2).  1H NMR exhibited 95% 
conversion to 7-L2.  1H NMR (CD2Cl2, 275 K, δ): 8.62 (s, 3H, TtCyCH), 7.07-6.87 (m, 
5H, Pt-Ar), 5.32 (s, 2H (CH3)CH=CH(CH3)), 4.62, 4.53 (m, 1H, 2H, CA-H), 2.23-1.22 
(m, 30H, cyclohexyl), 1.41 (d, (CH3)CH=CH(CH3)).  31P{1H}  NMR (CD2Cl2, 275 K, δ):  
-8.7 (s, 1P, TtCyP=O).  13C{1H} NMR (CD2Cl2, 275 K, δ): 137.5 (d, 3C, O=PC, 1JP-C = 
156 Hz), 135.0 (s, 2C, Pt-Ar m-Ph), 131.3, 130.6 (d, 1C, 2C O=PCCH, 2JP-C = 24 Hz, 28 
Hz), 127.1 (s, 2C, Pt-Ar o-Ph), 124.7 (s, 1C, Pt-Ar ipso-Ph), 124.2 (s, 1C, Pt-Ar p-Ph), 
88.8 (s, 2C, (CH3)CH=CH(CH3)),  63.1, 62.3 (s, 1C, 2C, CA), 33.6-33.0 (s, 6C, CB), 25.3-
24.9 (s, 9C, CC and CD), 15.5 (s, 2C, (CH3)HC=CH(CH3)).  HRMS (ESI) m/z Calc.: 
825.3446 (M+). Found: 825.3477. 
 [(κ3-TtPh)Pt(η2-trans-2-butene)(Ph)][BF4] (8-L1).  1H NMR exhibited 91% 
conversion to 8-L1.   1H NMR (CD2Cl2, 300 K, δ): 9.37, 9.34, 9.17 (s, 1H, 1H, 1H, 
TtPhCH), 7.86-7.35 (m, 15H, TtPhC6H5), 7.28 (d, 2C, Pt-Ar Ho), 7.00-6.94 (m, 3H, Pt-Ar 
Hm and Hp), 5.68, 4.79 (s, 1H, 1H, (CH3)HC=CH(CH3)).  1.63, 1.33 (s, 3H, 3H, 
(CH3)CH=CH(CH3)).  31P{1H}  NMR (CD2Cl2, 260 K, δ):  -8.5 (s, 1P, TtPhP=O).  13C 
{1H} NMR (CD2Cl2, 260 K, δ): 139.1 (d, 1C, O=PC, 1JP-C = 163 Hz), 137.5 (d, 1C, 
O=PC, 1JP-C = 148 Hz), 137.2 (d, 1C, O=PC, 1JP-C = 151 Hz), 135.7, 135.6, 135.3 (s, 1C, 
1C, 1C, TtPh ipso-Ph), 135.3 (s, 2C, Pt-Ar m-Ph), 132.5 (d, 1C, O=PCCH, 2JP-C = 24 Hz), 
131.6 (d, 1C, O=PCCH, 2JP-C = 25 Hz), 131.0 (d, 1C, O=PCCH, 2JP-C = 25 Hz), 131.0, 
130.8, 130.0 (s, 1C, 1C, 1C, TtPh p-Ph), 130.2 (s, 6C, TtPh o-Ph), 128.4 (s, 1C, Pt-Ar ipso-
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Ph), 126.4 (s, 2C, Pt-Ar o-Ph), 124.5 (s, 1C, Pt-Ar p-Ph), 121.7, 120.9 (s, 2C, 4C, TtPh m-
Ph), 96.0, 93.2 (s, 1C, 1C, (CH3)HC=CH(CH3)), 20.7, 19.5 (s, 1C, 1C, 
(CH3)HC=CH(CH3)).  HRMS (ESI) m/z Calc.: 807.2037 (M+). Found: 807.2071.     
[(κ3-TtCy)Pt(η2-trans-2-butene)(Ph)][BF4] (8-L2).  1H NMR exhibited 90% 
conversion to 8-L2.   1H NMR (CD2Cl2, 260 K, δ): 8.73, 8.71, 8.56 (s, 1H, 1H, 1H, 
TtCyCH), 7.24 (d, 2H, Pt-Ar Ho), 6.96-6.88 (m, 3H, Pt-Ar Hm and Hp), 5.55, 4.75 (s, 1H, 
1H, (CH3)CH=CH(CH3)), 4.62, 4.49 (m, 2H, 1H, CA-H), 2.24-1.23 (m, 36H, cyclohexyl 
and (CH3)CH=CH(CH3)). 31P{1H}  NMR (CD2Cl2, 260 K, δ):  -6.2 (s, 1P, TtCyP=O).  
13C{1H} NMR (CD2Cl2, 260 K, δ): 137.8 (d, 1C, O=PC, 1JP-C = 162 Hz), 136.8 (d, 1C, 
O=PC, 1JP-C = 148 Hz), 136.1 (d, 1C, O=PC, 1JP-C = 153 Hz), 135.5 (s, 2C, Pt-Ar m-Ph), 
131.6 (d, 1C, O=PCCH, 2JP-C = 20 Hz), 131.4 (d, 1C, O=PCCH, 2JP-C = 24 Hz), 130.4 (d, 
1C, O=PCCH, 2JP-C = 30 Hz), 128.4 (s, 1C, Pt-Ar ipso-Ph), 127.3 (s, 2C, Pt-Ar o-Ph), 
124.1 (s, 1C, Pt-Ar p-Ph), 94.5, 91.8 (s, 1C, 1C, (CH3)CH=CH(CH3)),  63.1, 62.6, 61.7 
(s, 1C, 1C, 1C, CA), 34.2-32.7 (s, 6C, CB), 25.0-24.8 (s, 9C, CC and CD), 20.6, 19.5 (s, 
1C, 1C, (CH3)HC=CH(CH3)).  HRMS (ESI) m/z Calc.: 825.3446 (M+). Found: 825.3420. 
 [(κ3-TtPh)Pt(η2-isobutylene)(Ph)][BF4] (9-L1).  1H NMR exhibited 87% 
conversion to 9-L1.   1H NMR (CD2Cl2, 260 K, δ): 9.38, 9.34 (s, 1H, 2H, TtPhCH), 7.87-
7.46 (m, 15H, TtPhC6H5), 7.23-6.98 (m, 5H, Pt-C6H5), 4.78 (s, 2H, H2C=C(CH3)2), 1.16 
(s, 6H, H2C=C(CH3)2).  31P{1H}  NMR (CD2Cl2, 260 K, δ):  -8.4 (s, 1P, TtPhP=O).  13C 
{1H} NMR (CD2Cl2, 260 K, δ): 138.1 (d, 2C, O=PC, 1JP-C = 158 Hz), 137.3 (1, 1C, 
O=PC, 1JP-C = 149 Hz), 135.6, 135.5 (s, 1C, 2C, TtPh ipso-Ph), 134.6 (s, 2C, Pt-Ar m-Ph),  
132.4 (d, 2C, O=PCCH, 2JP-C = 24 Hz), 131.4 (d, 1C, O=PCCH, 2JP-C = 28 Hz), 130.5-
130.0 (s, 1C, 1C, 1C, TtPh p-Ph), 130.2, 130.0 (s, 4C, 2C, TtPh o-Ph), 127.6 (s, 2C, Pt-Ar 
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o-Ph), 124.4 (s, 1C, Pt-Ar p-Ph), 121.6, 121.0 (s, 2C, 4C, TtPh m-Ph), 73.3 (s, 1C, 
H2C=C(CH3)2), 29.1 (s, 2C, H2C=C(CH3)2).  HRMS (ESI) m/z Calc.: 807.2037 (M+). 
Found: 807.1966. 
[(κ3-TtCy)Pt(η2-isobutylene)(Ph)][BF4] (9-L2).  1H NMR exhibited 92% 
conversion to 9-L2.   1H NMR (CD2Cl2, 292 K, δ): 8.72 (s, 3H, TtCyCH), 7.09 (d, 2H, Pt-
Ar Ho), 6.93, 6.92 (m, 3H, Pt-Ar Hm and Hp), 4.70 (s, 2H, H2C=C(CH3)2), 4.62, 4.51 (m, 
1H, 2H, CA-H), 2.25-1.17 (m, 36H, cyclohexyl), 1.10 (s, 6H, H2C=CH(CH3)2). 31P{1H}  
NMR (CD2Cl2, 260 K, δ):  -5.2 (s, 1P, TtCyP=O).  13C{1H} NMR (CD2Cl2, 260 K, δ): 
137.2 (d, 2C, O=PC, 1JP-C = 158 Hz), 136.7 (d, 1C, O=PC, 1JP-C = 147 Hz), 134.6 (s, 2C, 
Pt-Ar m-Ph), 134.2 (s, 1C, Pt-Ar ipso-Ph), 131.5 (d, 1C, O=PCCH, 2JP-C = 25 Hz), 130.8 
(d, 2C, O=PCCH, 2JP-C = 28 Hz), 127.4 (s, 2C, Pt-Ar o-Ph), 124.2 (s, 1C, Pt-Ar p-Ph), 
73.2 (s, 1C, 1JPt-C = 190 Hz, H2C=CH(CH3)2), 63.1, 62.1 (s, 1C, 2C, CA), 28.9 (s, 2C, 
H2C=CH(CH3)2), 33.0, 32.9 (s, 2C, 4C, CB), 25.2-24.7 (s, 9C, CC and CD).  HRMS (ESI) 
m/z Calc.: 825.3446 (M+). Found: 825.3413. 
[(κ2-TtPh)Pt(pyridine)(Ph)][BF4] (10-L1).  1H NMR (CD2Cl2, 292 K, δ): 9.32, 
9.28, 9.23 (s, 1H each, TtPhCH), 8.68 (dd, 2H, o-pyr), 7.85 (tt, 1H, p-pyr), 7.91-7.51 (m, 
20H, TtPhC6H5 and Pt-Ph), 7.34 (m, 2H, m-pyr).  31P{1H}  NMR (CD2Cl2, 260 K, δ):  -8.0 
(s, 1P, TtPhP=O).  13C {1H} NMR (CD2Cl2, 292 K, δ): 153.6 (2C, 2-pyr), 140.1, 139.5, 
137.7 (d, 1C each, O=PC, 1JP-C = 171 Hz, 145 Hz, 150 Hz), 139.6 (s, 1C, 4-pyr), 137.3 
(1, 1C, O=PC, 1JP-C = 149 Hz), 136.7, 136.5, 136.0 (s, 1C each, TtPh ipso-Ph), 136.0 (3C, 
TtPh m-Ph), 132.2, 132.0, 131.3 (d, 3C, O=PCCH, 2JP-C = 24 Hz, 24 Hz, 30 Hz), 131.3, 
131.2, 130.0 (s, 1C each, TtPh p-Ph), 130.6, 130.5, 130.4 (s, 2C each, TtPh o-Ph), 127.3 (s, 
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2C, Pt-Ph o-Ph), 126.7 (s, 2C, 3-pyr), 124.7 (s, 2C, Pt-Ph p-Ph), 121.8, 121.6, 121.4 (s, 
2C each, TtPh m-Ph). HRMS (ESI) m/z Calc.: 830.1833 (M+). Found: 830.1808. 
[(κ2-TtCy)Pt(pyridine)(Ph)][BF4] (10-L2).  1H NMR (CD2Cl2, 292 K, δ): 8.68, 
8.64, 8.61 (s, 1H each, TtCyCH), 8.61 (dd, 2H, o-pyr), 7.87 (tt, p-pyr), 7.36 (m, 2H, m-
pyr), 6.85 (m, 5H, Ph), 4.62, 4.50, 4.47 (m, 1H each, CA-H), 2.25-1.20 (m, 36H, 
cyclohexyl). 31P{1H}  NMR (CD2Cl2, 260 K, δ):  -7.8 (s, 1P, TtCyP=O).  13C{1H} NMR 
(CD2Cl2, 260 K, δ): 153.7 (2C, 2-pyr), 139.4 (1C, 4-pyr), 138.7, 138.7, 136.8 (d, 1C each, 
O=PC, 1JP-C = 165 Hz, 148 Hz, 150 Hz), 136.2 (2C, 3-pyr), 132.8 (1C, ipso-Ph), 131.2, 
131.1, 130.8 (d, 2C, O=PC, 2JP-C = 23 Hz, 25 Hz, 33 Hz), 127.1 (2C, o-Ph), 126.5 (2C, m-
Ph), 124.5 (1C, p-Ph), 63.4, 63.1, 61.6 (s, 1C each, CA), 33.8-33.0 (s, 6C, CB), 25.5-25.0 
(s, 9C, CC and CD).  HRMS (ESI) m/z Calc.: 848.3242 (M+). Found: 848.3228. 
[(TtPh)Pt(PPh3)(Ph)][BF4] (11-L1).  1H NMR (CD2Cl2, 292 K, δ): 9.32, 9.09 
(2H, 1H, TtPhCH), 7.77-7.20 (m, 30H, TtPh and PPh3), 6.87 (d, 2H, Pt-Ph o-Ph), 6.74 (t, 
1H, Pt-Ph p-Ph), 6.63 (t, 2H, Pt-Ph m-Ph).  31P{1H}  NMR (CD2Cl2, 292 K, δ):  11.0 (s, 
1P, Pt-PPh3, 1JPt-P = 5423 Hz), -7.3 (s, 1P, TtPhP=O).  13C {1H} NMR (CD2Cl2, 292 K, δ): 
138.1 (d, 1C, O=PC, 1JP-C = 148 Hz), 136.8 (s, 1C, PPh3 ipso-Ph), 136.6, 135.5 (s, 1C, 
2C, TtPh ipso-Ph), 134.5, 134.4 (s, 6C, PPh3 o-Ph), 131.7, 131.0 (d, 2C, 1C, O=PCCH, 
2JP-C = 28 Hz, 30 Hz), 131.5 (s, 3C, PPh3 p-Ph), 130.4-129.9 (s, 9C, TtPh o-Ph and p-Ph), 
128.7, 128.6 (s, 6C, PPh3 m-Ph), 128.2 (s, 1C, Pt-Ph p-Ph), 127.7, 127.6 (s, 2C, Pt-Ph o-
Ph), 123.9 (s, 2C, Pt-Ph m-Ph), 121.4 (s, 6C, TtPh m-Ph).  HRMS (ESI) m/z Calc.: 
1013.2322 (M+). Found: 1013.2311. 
[(κ2-TtCy)Pt(PPh3)(Ph)][BF4] (11-L2).  1H NMR (CD2Cl2, 292 K, δ): 8.64, 8.45 
(s, 2H, 1H, TtCyCH), 7.42-7.27 (m, 15H, PPh3), 6.80 (br s, 2H, Pt-Ph o-Ph), 6.72 (t, 1H, 
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Pt-Ph p-Ph), 6.63 (t, 2H, Ph-Ph m-Ph), 4.51, 3.97 (m, 2H, 1H, CA-H), 2.10-1.25 (m, 36H, 
cyclohexyl).  31P{1H}  NMR (CD2Cl2, 292 K, δ):  13.9 (s, 1P, Pt-PPh3, 1JPt-P = 4543 Hz), 
-6.3 (s, 1P, TtCyP=O).  13C{1H} NMR (CD2Cl2, 292 K, δ): 137.5 (d, 1C, O=PC, 1JP-C = 
136 Hz), 136.8 (s, 2C, PPh3 ipso-Ph), 134.6, 134.5 (s, 6C, PPh3 o-Ph), 131.3 (s, 3C, PPh3 
p-Ph),  131.0, 130.7 (d, 2C, 1C, O=PC, 2JP-C = 29 Hz, 25 Hz), 128.7, 128.6 (s, 6C, PPh3 
m-Ph), 128.1 (s, 1C, Pt-Ph, p-Ph), 127.7 (s, 2C, Pt-Ph, o-Ph), 123.7 (s, 2C, Pt-Ph m-Ph), 
62.7 (s, 3C, CA), 33.3-32.8 (s, 6C, CB), 25.4-24.9 (s, 9C, CC and CD).  HRMS (ESI) m/z 
Calc.: 1031.3731 (M+). Found: 1031.3745. 
 
Phenyl Migration Reactions 
 In a typical experiment, TtRPt(Ph)(L) (4-9) (0.035 mmol) was weighed into an 
NMR tube in the glovebox.  CDCl3 (0.6 mL) was added through the septum.  The sample 
was heated in a 50°C oil bath for 30 min.  The solution was transferred to a round-bottom 
flask and the solvent was removed by rotary evaporation.  The resulting oil was triturated 
with pentane to afford the metallacycle product as a pale yellow power in high yield by 
1H NMR. 
 [κ3-TtPhPt(CH2CH2-o-C6H4)(H)][BF4] (12-L1) by Ethylene Insertion.  
Quantitative conversion from 4-L1 was observed by 1H NMR.  1H NMR (CD2Cl2, 293 K, 
δ): 9.420, 9.35.,9.29 (s, 1H, 1H, 1H, TtPhCH), 7.91-7.51 (m, 15H, TtPh C6H5), 7.21 (d, 1H, 
Hf), 7.05 (t, 1H, Hg), 7.01 (d, 1H, Hi), 6.81 (t, 1H, Hh), 3.47 (m, 1H, Ha), 3.31, (m, 2H, Hb 
and Hc), 2.97 (m, 1H, Hd, 3JPt,H = 117 Hz), -19.0 (s, 1H, Pt-H, 1JPt,H = 1579 Hz).  31P{1H}  
NMR (CD2Cl2, 293 K, δ):  -6.3 (s, 1P, TtCyP=O).  13C{1H} NMR (CD2Cl2, 293 K, δ): 
156.6 (s, 1C, CK, 2JPt,C = 125 Hz), 137.0,  136.0  (d, 2C, 1C, O=PC, 1JP-C = 151, 152 Hz), 
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135.9, 135.8, 135.8 (s, 1C, 1C, 1C, TtPh ipso-Ph), 132.0 (s, 1C, CI),  131.4, 131.3, 131.3 
(s, 1C, 1C, 1C, TtPh p-Ph), 131.1-130.8 (d, 3 O=PCCH), 130.8 (s, 1C, CJ), 130.6, 130.5 
(s, 4C, 2C, TtPh o-Ph), 125.7 (s, 1C, CG), 125.2 (s, 1C, CH, 3JPt,C = 43 Hz), 123.5 (s, 1C, 
CF, 3JPt,C = 47 Hz), 122.0, 121.8, 121.8 (s, 2C, 2C, 2C, TtPh m-Ph), 42.3 (s, 1C, Cβ, 2JPt,C = 
53 Hz), 19.2 (s, 1C, Cα, 1JPt,C = 599 Hz). HRMS (ESI) m/z Calc.: 779.1724 (M+). Found: 
779.1699.  Anal Calcd for C32H27BF4N9OPPt: C, 44.36; H, 3.14; N, 14.55. Found: C, 
44.61; H, 3.18; N, 14.27.   
 [κ3-TtCyPt(CH2CH2-o-C6H4)(H)][BF4] (12-L2) by Ethylene Insertion.  
Quantitative conversion from 4-L2 was observed by 1H NMR.  1H NMR (CD2Cl2, 293 K, 
δ): 8.79, 8.75, 8.69 (s, 1H, 1H, 1H, TtCyCH), 7.17 (d, 1H, Hf), 7.00 (t, 1H, Hg), 6.83 (d, 
1H, Hh), 6.79 (t, 1H, Hi), 4.69, 4.67, 4.57 (m, 1H, 1H, 1H, CA-H), 3.25-2.87 (m, 4H, Ha-
Hd),  2.24-1.15 (m, 30H, cyclohexyl), -19.4 (s, 1H,  Pt-H, 1JPt,H = 1559 Hz).  31P{1H}  
NMR (CD2Cl2, 293 K, δ):  -3.7 (s, 1P, TtCyP=O).  13C{1H} NMR (CD2Cl2, 293 K, δ): 
156.7 (s, 1C, CK, 2JPt,C = 125 Hz), 135.6, 135.6, 134.9  (d, 1C, 1C, 1C, O=PC, 1JP-C = 152 
Hz, 151 Hz, 153 Hz), 132.0 (s, 1C, CI), 130.9 (s, 1C, CJ, 1JPt,C = 900 Hz), 130.6, 130.5, 
130.0 (d, 1C, 1C, 1C O=PCCH, 2JP-C = 24 Hz, 25 Hz, 23 Hz), 125.5 (s, 1C, CG), 125.0 (s, 
1C, CH, 3JPt,C = 42 Hz), 123.4 (s, 1C, CF, 3JPt,C = 47 Hz), 63.7, 63.6, 63.3 (s, 1C, 1C, 1C, 
CA), 42.4 (s, 1C, Cβ, 2JPt,C = 54 Hz), 33.6-33.0 (s, 6C, CB), 25.2-24.9 (s, 9C, CC and CD), 
18.3 (s, 1C, Cα, 1JPt,C = 597 Hz). HRMS (ESI) m/z Calc.: 797.3133 (M+). Found: 
797.3132. 
[κ3-TtPhPt(CH2CH(CH3)-o-C6H4)(H)][BF4] (14a/14b-L1) and  
[κ3-TtPhPt(CH(CH3)CH2-o-C6H4)(H)][BF4] (14c/14d- L1) Mixture by Propylene 
Insertion.  1H NMR (CDCl3, 298 K, δ): -18.9 (s, 1H, 1JPt-H = 1576 Hz, Pt-H, 14b), -19.0 
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(s, 1H, 1JPt-H = 1572 Hz, Pt-H, 14a), -19.6 (s, 1H, 1JPt-H = 1620 Hz, 14c), -19.99 (s, 1H, 
1JPt-H = 1627 Hz, 14d).  Ratio: 14b (4.1): 14a (6.3): 14c (1.7): 14d (1). 
[κ3-TtCyPt(CH2CH(CH3)-o-C6H4)(H)][BF4] (14a/14b-L2) and  
[κ3-TtCyPt(CH(CH3)CH2-o-C6H4)(H)][BF4] (14c/14d- L2) Mixture by Propylene 
Insertion.  1H NMR (CDCl3, 298 K, δ): -19.04 (s, 1H, 1JPt-H = 1545 Hz, Pt-H, 14b), -
19.21 (s, 1H, 1JPt-H = 1542 Hz, Pt-H, 14a), -19.70 (s, 1H, 1JPt-H = 1585 Hz, 14c), -20.10 
(s, 1H, 1JPt-H = 1590 Hz, 14d).  Ratio: 14b (3.1): 14a (4.9): 14c (1.6): 14d (1). 
 [κ3-TtPhPt(CH2CH(nBu)-o-C6H4)(H)][BF4] (15a/15b-L1) and  
[κ3-TtPhPt(CH(nBu)CH2-o-C6H4)(H)][BF4] (15c/15d- L1) Mixture by 1-Hexene 
Insertion.  1H NMR (CDCl3, 298 K, δ): -18.8 (s, 1H, 1JPt-H = 1576 Hz, Pt-H, 15b), -19.0 
(s, 1H, 1JPt-H = 1577 Hz, Pt-H, 15a), -19.5 (s, 1H, 1JPt-H = 1624 Hz, 15c), -19.9 (s, 1H, 
1JPt-H = 1627 Hz, 15d).  Ratio: 15b (6.2): 15a (5.9): 15c (2.3): 15d (1). 
[κ3-TtCyPt(CH2CH(nBu)-o-C6H4)(H)][BF4] (15a/15b-L2) and  
[κ3-TtCyPt(CH(nBu)CH2-o-C6H4)(H)][BF4] (15c/15d- L2) Mixture by 1-hexene 
Insertion.  1H NMR (CDCl3, 298 K, δ): -19.04 (s, 1H, 1JPt-H = 1548 Hz, Pt-H, 15b), -
19.23 (s, 1H, 1JPt-H = 1548 Hz, Pt-H, 15a), -19.65 (s, 1H, 1JPt-H = 1594 Hz, 15c), -20.07 
(s, 1H, 1JPt-H = 1600 Hz, 15d).  Ratio: 15b (4.4): 15a (4.0): 15c (1.6): 15d (1). 
 [κ3-TtPhPt(CH(CH3)CH(CH3)-o-C6H4)(H)][BF4] (16a-d L1) Mixture by 2-
Butene Insertion.  1H NMR (CDCl3, 298 K, δ): -19.3 (s, 1H, 1JPt-H = 1613 Hz, Pt-H, 
16c), -19.3 (s, 1H, 1JPt-H = 1614 Hz, Pt-H, 16a), -19.8 (s, 1H, 1JPt-H = 1633 Hz, 16b), -
20.2 (s, 1H, 1JPt-H = 1649 Hz, 16d).  Ratio: 16c (1.6): 16a (4.7): 16b (4.4): 16d (1). 
[κ3-TtCyPt(CH(CH3)CH(CH3)-o-C6H4)(H)][BF4] (16a-d L2) Mixture by 2-
butene Insertion. 1H NMR (CDCl3, 298 K, δ): -19.4 (s, 1H, 1JPt-H = 1572 Hz, Pt-H, 16c), 
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-19.5 (s, 1H, 1JPt-H = 1574 Hz, Pt-H, 16a), -20.0 (s, 1H, 1JPt-H = 1586 Hz, 16b), -20.3 (s, 
1H, 1JPt-H = 1600 Hz, 16d).  Ratio: 16c (1.3): 16a (5.0): 16b (5.3): 16d (1). 
 [κ3-TtPhPt(CH2C(CH3)2-o-C6H4)(H)][BF4] (17a-L1) and  
[κ3-TtPhPt(C(CH3)2CH2-o-C6H4)(H)][BF4] (17b L1) Mixture by Isobutylene 
Insertion.  1H NMR (CDCl3, 298 K, δ): -18.8 (s, 1H, 1JPt-H = 1569 Hz, Pt-H, 17a), -20.7 
(s, 1H, 1JPt-H = 1648 Hz, Pt-H, 17b).  Ratio: 17a (31): 17b (1).   
 [κ3-TtPhPt(CH2C(CH3)2-o-C6H4)(H)][BF4] (17a-L1).  1H NMR (CD2Cl2, 293 K, 
δ): 9.60, 9.47, 9.43 (s, 1H, 1H, 1H, TtPhCH), 7.93-7.58 (m, 15H, TtPh C6H5), 7.22-6.78 
(m, 4H, Hf-Hi), 3.36, 3.29 (d each, 2H, Hb and Hc, 2JPt,H = 115 Hz, 66 Hz, 2JH,H = 8 Hz), 
1.53, 1.42 (s each, 6 H, Cβ-CH3), -18.8 (1JPt,H = 1569 Hz).  31P{1H}  NMR (CD2Cl2, 293 
K, δ):  -7.8 (s, 1P, TtCyP=O).  13C{1H} NMR (CD2Cl2, 293 K, δ): 47.0 (s, 1C, Cβ, 2JPt,C = 
47 Hz), 36.8 (s, 1C, Cα, 1JPt,C = 614 Hz), 31.9 (s, 1C, Cβ-CH3 “up”), 28.3 (s, 1C, Cβ-CH3 
“down”). 
[κ3-TtCyPt(CH2C(CH3)2-o-C6H4)(H)][BF4] (17a-L2) and  
[κ3-TtCyPt(C(CH3)2CH2-o-C6H4)(H)][BF4] (17b-L2) Mixture by Isobutylene 
Insertion.  1H NMR (CDCl3, 298 K, δ): -19.1 (s, 1H, 1JPt-H = 1540 Hz, Pt-H, 17a), -20.6 
(s, 1H, 1JPt-H = 1620 Hz, Pt-H, 17b).  Ratio: 17a (4.7): 17b (1). 
[κ3-TtPhPt(CHC(CH2)3-o-C6H4)(H)][BF4] (18a/b-L1) Mixture by 
Cyclopentene Insertion.  TtPhPtPh2 1 (0.030 g, 0.036 mmol) was placed in a Schlenk 
flask under nitrogen.  Methylene chloride (10 mL) was added through the septum and the 
solution was cooled to -78°C in a dry ice/isopropanol bath.  The solution was treated with 
HBF4·Et2O (4.5 μL, 0.035 mmol) and cyclopentene (16.4 μL, 0.18 mmol).  The mixture 
was allowed to warm to room temperature.  The solvent was removed by rotary 
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evaporation and the resulting oil triturated with pentane to afford a mixture of 18a and 
18b as a white powder in high yield by 1H NMR.  1H NMR (CDCl3, 298 K, δ): -19.3 (s, 
1H, 1JPt-H = 1626 Hz, Pt-H, 18a), -19.9 (s, 1H, 1JPt-H = 1621 Hz, Pt-H, 18b).  Ratio: 18a 
(2.8): 18b (1).  Complete spectroscopic characterization of 18a can be found in the 
Supporting Information. 
[κ3-TtCyPt(CHC(CH2)3-o-C6H4)(H)][BF4] (18a/b-L2) Mixture by 
Cyclopentene Insertion. 1H NMR (CDCl3, 298 K, δ): -19.4 (s, 1H, 1JPt-H = 1594 Hz, Pt-
H, 18a), -20.0 (s, 1H, 1JPt-H = 1586 Hz, Pt-H, 18b).  Ratio: 18a (2.7): 18b (1). 
[κ3-TtCyPt(CHC(CH2)3-o-C6H4)(H)][BF4] (18a-L2).  1H NMR (CD2Cl2, 293 K, 
δ): 9.43, 9.36 (s, 2H, 1H, TtPhCH), 7.93-7.50 (m, 15H, TtPh C6H5), 7.32-6.78 (m, 4H, Hj-
Hm), 3.93 (q, 1H, Hb, 2JPt,H = 122 Hz), 3.55 (q, 1H, Hc), 2.36 (m, 1H, Hd), 2.33 (m, 1H, 
Hi), 2.13 (m, 1H, He), 1.94 (m, 1H, Hf), 1.78 (m, 1H, Hh), 1.65 (m, 1H, Hg), -19.3 (1JPt,H = 
1626 Hz).  13C{1H} NMR (CD2Cl2, 293 K, δ): 54.0 (s, 1C, Cβ), 45.0 (s, 1C, Cα, 1JPt,C = 
656 Hz), 39.0, 35.3, 26.5 (s, 3C, cyclopentyl). 
 
CO Trapping Reactions 
 [(κ3-TtPh)Pt(CO)(CH2CH2Ph)][BF4] (13-L1).  [TtPhPt(CH2CH2-o-
C6H4)(H)][BF4] (10-L1) (0.015 g, 0.017 mmol) was weighed in an NMR tube.  The tube 
was purged with CO and CD2Cl2 (0.6 mL) was added through the septum.  The sample 
was placed in an NMR tube spinner overnight at room temperature.  13-L1 was generated 
in 95% conversion by 1H NMR.  1H NMR (CD2H2, 295 K, δ): 9.35 (s, 3H, TtPhCH), 7.85-
7.22 (m, 25H, TtPhC6H5 and Pt-CH2CH2C6H5), 2.89, 2.72 (t, 2H, 2H, Pt-CH2-CH2-Ph).  
31P{1H} NMR (CD2Cl2, 291 K, δ): -4.9 (s, 1P, TtPhP=O).  13C {1H} NMR (CD2Cl2, 284 
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K, δ): 161.3 (s, 1C, Pt-CO), 144.4 (s, 1C, Pt-CH2CH2Ph ipso-Ph), 130.7 (s, 3C, TtPt p-
Ph), 130.7, 130.4 (s, 6C, TtPh o-Ph), 128.9 (s, 2C, Pt-CH2CH2Ph o-Ph), 128.8 (s, 2C, Pt-
CH2CH2Ph m-Ph), 126.4 (s, 2C, Pt-CH2CH2Ph p-Ph), 121.8, 121.6 (s, 2C, 4C TtPh m-Ph), 
38.5 (s, 1C, Pt-CH2CH2Ph), 12.5 (s, 1C, Pt-CH2CH2Ph).  IR (CH2Cl2 solution)  νCO = 
2171 cm-1.  HRMS (ESI) m/z Calc.: 807.1673 (M+). Found: 807.1658. 
[(κ3-TtCy)Pt(CO)(CH2CH2Ph)][BF4] (13-L2).  [TtCyPt(CH2CH2-o-
C6H4)(H)][BF4] (10-L2) (0.015 g, 0.017 mmol) was weighed in an NMR tube.  The tube 
was purged with CO and CD2Cl2 (0.6 mL) was added through the septum.  The sample 
was placed in an NMR tube spinner overnight at room temperature.  13-L1 was generated 
in 93% conversion by 1H NMR.  1H NMR (CD2Cl2, 292 K, δ): 8.72 (s, 3H, TtCyCH), 
7.28-7.26 (m, 5H, Pt-CH2CH2C6H5), 4.63 (m, 3H, CA-H), 2.80, 2.56 (t, 2H, 2H, Pt-
CH2CH2C6H5), 1.93-0.88 (m, 30H, cyclohexyl).  31P{1H} NMR (CD2Cl2, 292 K, δ): -8.7 
(s, 1P, TtCyP=O).  13C{1H} NMR (CD2Cl2, 292 K, δ): 161.2 (s, 1C, Pt-CO), 144.6 (s, 1C, 
Pt-CH2CH2Ph ipso-Ph),  137.6-136.5 (d, 3C, O=PC), 131.9-131.1 (d, 3C, O=PCCH), 
128.9 (s, 1C, Pt-CH2CH2Ph o-Ph), 128.8 (s, 1C, Pt-CH2CH2Ph m-Ph), 126.3 (s, 1C, Pt-
CH2CH2Ph p-Ph),  63.6, 63.0 (s, 1C, 2C, CA), 38.5 (s, 1C, Pt-CH2CH2Ph), 33.3 (s, 6C, 
CB), 25.2-25.0 (s, 9C, CC and CD), 11.5 (s, 1C, Pt-CH2CH2Ph).  IR (CH2Cl2 solution) νCO 
= 2114 cm-1.  HRMS (ESI) m/z Calc.: 825.3082 (M+). Found: 825.3055. 
 
Deprotonation and Alkylation Reactions 
κ2-TtCyPt(CH2CH2-o-C6H4) (19-L2).  [TtCyPt(CH2CH2-o-C6H4)(H)][BF4] (12-
L2) (0.030 g, 0.034 mmol) was placed in a Schlenk flask under nitrogen.  Methylene 
chloride (10 mL) was added through the septum.  The solution was treated with 
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triethylamine (14 μ, 0.102 mmol) and stirred for 20 min.  The solvent was removed by 
rotary evaporation and the resulting oil triturated with pentane to afford 19-L1 in 90% 
conversion from 12-L2 by 1H NMR.  1H NMR (CD2Cl2, 293 K, δ): 8.97, 8.37, 8.33 (s, 
1H, 1H, 1H, TtCyCH), 7.12-6.71 (m, 4H, Pt-C6H4), 4.63, 4.53, 4.25 (m, 1H, 1H, 1H, CA-
H), 2.58-1.29 (m, 4H, 30H, Pt-CH2CH2, cyclohexyl).   31P{1H}  NMR (CD2Cl2, 293 K, 
δ):  -7.1 (s, 1P, TtCyP=O).  13C{1H} NMR (CD2Cl2, 293 K, δ): 162.8 (s, 1C, CK), 138.6, 
137.5, 137.6 (d, 1C, 1C, 1C, O=PC, 1JP-C = 151 Hz, 151 Hz, 170 Hz), 134.5 (s, 1C, CI), 
131.2, 129.3, 128.9 (d, 1C, 1C, 1C O=PCCH, 2JP-C = 33 Hz, 25 Hz, 26 Hz), 129.0 (s, 1C, 
CJ), 122.8 (s, 1C, CG), 122.7 (s, 1C, CH), 121.4 (s, 1C, CF), 62.6, 62.4, 60.6 (s, 1C, 1C, 
1C, CA), 41.7 (s, 1C, Cβ), 33.8-32.3 (s, 6C, CB), 25.3-24.9 (s, 9C, CC and CD), 8.1 (s, 1C, 
Cα, 1JPt,C = 834 Hz). HRMS (ESI) m/z Calc.: 797.3133 (M + H+). Found: 797.3168. 
[κ3-TtCyPt(CH2CH2-o-C6H4)(CH3)][OTf] (20-L2).  19-L2 (0.010 g, 0.013 
mmol) was placed  in a Schlenk flask under nitrogen.  Methylene chloride (10 mL) was 
added through the septum.  The solution was treated with 1.2 equiv. of methyl triflate and 
stirred for 20 min.  The solvent was removed by rotary evaporation and the resulting oil 
triturated with pentane to afford the alkylated product as a pale yellow powder.  1H NMR 
showed quantitative conversion from 19-L2.  1H NMR (CD2Cl2, 293 K, δ): 8.68, 8.65, 
8.57 (s, 1H, 1H, 1H, TtCyCH), 7.15-6.78 (m, 4H, Pt-C6H4), 4.73, 4.66, 4.52 (m, 1H, 1H, 
1H, CA-H), 2.58-1.29 (m, Pt-CH2CH2, cyclohexyl), 1.47 (s, Pt-CH3, 2JPt,H = 74 Hz).  
31P{1H}  NMR (CD2Cl2, 293 K, δ):  -7.9 (s, 1P, TtCyP=O).  13C{1H} NMR (CD2Cl2, 293 
K, δ): 155.9 (s, 1C, CK, 2JPt,C = 118 Hz), 135.9,  135.6, 135.3  (d, 1C, 1C, 1C, O=PC, 1JP-
C = 151 Hz each), 131.2 (s, 1C, CI), 129.9, 129.8, 129.3 (d, 1C, 1C, 1C O=PCCH, 2JP-C = 
24 Hz, 23 Hz, 23 Hz), 129.0 (s, 1C, CJ, 1JPt,C = 956 Hz), 125.3 (s, 1C, CG), 124.9 (s, 1C, 
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CH, 3JPt,C = 44 Hz), 123.9 (s, 1C, CF, 3JPt,C = 48 Hz), 63.5, 63.0 (s, 2C, 1C, CA), 37.8 (s, 
1C, Cβ, 2JPt,C = 27 Hz), 33.7-32.9 (s, 6C, CB), 25.2-24.8 (s, 9C, CC and CD), 21.7 (s, 1C, 
Cα, 1JPt,C = 667 Hz), -6.0 (s, 1C, Pt-CH3, 1JPt,C = 690 Hz). HRMS (ESI) m/z Calc.: 
811.3289 (M+). Found: 811.3301. 
[κ3-TtCyPt(CH2CH2-o-C6H4)(CH2CH=CH2)][I] (21-L2).  19-L2 (0.010 g, 0.013 
mmol) was placed  in a Schlenk flask under nitrogen.  Methylene chloride (10 mL) was 
added through the septum.  The solution was treated with 1.2 equiv. of allyl iodide and 
stirred for 20 min.  The solvent was removed by rotary evaporation and the resulting oil 
triturated with pentane to afford the alkylated product as a pale yellow powder.  1H NMR 
showed quantitative conversion from 19-L2.  1H NMR (CD2Cl2, 293 K, δ): 8.71, 8.70, 
8.56 (s, 1H, 1H, 1H, TtCyCH), 7.14-6.78 (m, 4H, Pt-C6H4), 5.76 (m, 1H, Pt-
CH2CH=CH2), 4.85 (d, 1H, Pt-CH2CH=CHtrans to H, 3JH,H = 17 Hz, 4JPt,H = 23 Hz), 4.75, 
4.70, 4.51 (m, 1H, 1H, 1H, CA-H), 4.61 (dd, 1H, Pt-CH2CH=CHcis to H, 3JH,H = 10 Hz), 
3.26-2.84 (m, 4H, Pt-CH2CH2), 2.29-1.25 (m, 30 H, cyclohexyl).  31P{1H}  NMR 
(CD2Cl2, 293 K, δ):  -8.3 (s, 1P, TtCyP=O).  13C{1H} NMR (CD2Cl2, 293 K, δ): 155.7 (s, 
1C, CK, 2JPt,C = 109 Hz), 141.9 (s, 1C, Pt-CH2CH=CH2, 2JPt,C = 60 Hz), 136.0,  135.8, 
135.6  (d, 1C, 1C, 1C, O=PC, 1JP-C = 149 Hz each), 131.0 (s, 1C, CI), 130.1, 129.9, 129.3 
(d, 1C, 1C, 1C O=PCCH, 2JP-C = 24 Hz, 26 Hz, 24 Hz), 129.1 (s, 1C, CJ), 125.4 (s, 1C, 
CG), 124.8 (s, 1C, CH, 3JPt,C = 40 Hz), 123.7 (s, 1C, CF, 3JPt,C = 50 Hz), 112.9 (s, 1C, Pt-
CH2CH=CH2, 3JPt,C = 51 Hz),  63.5, 63.0 (s, 2C, 1C, CA), 37.6 (s, 1C, Cβ, 2JPt,C = 21 Hz), 
33.7-33.0 (s, 6C, CB), 25.2-24.8 (s, 9C, CC and CD), 23.7 (s, 1C, Cα, 1JPt,C = 679 Hz), 16.1 
(s, 1C, Pt-CH2CH=CH2, 1JPt,C = 655 Hz). HRMS (ESI) m/z Calc.: 837.3446 (M+). Found: 
837.3464.  
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Kinetic Studies Data for the conversion of 2-L2 to 6-L2.   
TtCyPtPh2 (0.030 g, 0.035 mmol) was weighed into an NMR tube in a glovebox 
and covered with a septum.  CD2Cl2 (0.6 mL) was added through the septum and the 
sample was cooled to -78°C outside of the glove box.  HBF4·Et2O (5.0 μL, 0.039 mmol) 
and 1-hexene (6.6 μL, 0.053 mmol) was then added through the septum.  The sample was 
placed in a pre-cooled NMR spectrometer and 1H NMR spectra were recorded.  The Pt-H 
signal was integrated relative to the residual solvent peak. 
 
Figure 4.17. Plot of ln[Pt-H] vs. time at 245 K. 
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Figure 4.18. Plot of ln[Pt-H] vs. time at 250 K. 
 
 
Figure 4.19. Plot of ln[Pt-H] vs. time at 255 K. 
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Figure 4.20. Plot of ln[Pt-H] vs. time at 260 K. 
 
 
 
Figure 4.21. Plot of ln[Pt-H] vs. time at 265 K. 
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Figure 4.22. Plot of ln[Pt-H] vs. time at 270 K. 
 
Kinetic Studies Data on the conversion of 4-L2 to 12-L2.  
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NMR tube in a glovebox and covered with a septum.  CD2Cl2 (0.6 mL) was added 
through the septum and cooled to -78°C outside of the glovebox.  The sample was 
warmed in the NMR spectrometer to the appropriate temperature and 1H NMR spectra 
were recorded.  The ortho proton signal was integrated relative to the residual solvent 
peak. 
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Figure 4.23. Plot of ln[o-Ph] vs. time at 293 K. 
 
 
Figure 4.24. Plot of ln[o-Ph] vs. time at 303 K. 
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Figure 4.25. Plot of ln[o-Ph] vs. time at 311 K. 
 
 
Figure 4.26. Plot of ln[o-Ph] vs. time at 318 K. 
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Figure 4.27. Plot of ln[o-Ph] vs. time at 323 K. 
 
 
Figure 4.28. Plot of ln[o-Ph] vs. time at 328 K. 
 
 
 
 
 
 
y = ‐5.85E‐04x ‐ 3.42E+00
R² = 9.90E‐01
‐5.5
‐5
‐4.5
‐4
‐3.5
‐3
‐2.5
0 1000 2000 3000 4000
ln [Pt‐C2H4]
time (sec)
4‐L2 o‐Ph decay 323 K
y = ‐1.22E‐03x ‐ 3.82E+00
R² = 9.87E‐01
‐6.5
‐6
‐5.5
‐5
‐4.5
‐4
‐3.5
‐3
0 500 1000 1500 2000
ln[Pt‐C2H4]
time (sec)
4‐L2 o‐Ph decay 328 K
176 
 
References 
1. Braunstein, P.; Naud, F. Angew. Chem. Int. Ed. 2001, 40, 680. 
2. Bader, A.; Lindner, E. Coord. Chem. Rev. 1991, 108, 27. 
3. Miller, E. M.; Shaw, B. L. J. Chem. Soc. Dalton Trans. 1974, 480. 
4. Braunstein, P.; Matt, D.; Nobel, D. J. Am. Chem. Soc. 1988, 110, 3207. 
5. Bouaoud, S.-E.; Braunstein, P.; Grandjean, D.; Matt, D.; Nobel, D. J. Chem. Soc.,  
Chem. Commun. 1987, 488. 
6. Kostelansky, C. N.; MacDonald, M. G.; White, P. S.; Templeton, J. L.  
Organometallics 2006, 25, 2993. 
7. West, N. M.; Reinartz, S.; White, P. S.; Templeton, J. L. J. Am. Chem. Soc. 2006,  
128, 2059. 
8. MacDonald, M. G.; Kostelansky, C. N.; White, P. S.; Templeton, J. L.  
Organometallics 2006, 25, 4560. 
9. Engelman, K. L.; White, P. S.; Templeton, J. L. Inorg. Chim. Acta. 2009, 362  
4461. 
10. Engelman, K. L.; White, P. S.; Templeton, J. L. Organometallics 2010, 29, 4943. 
11. Goldberg, K. I.; Yan, J.; Breitung, E. M. J. Am. Chem. Soc. 1995, 117, 6889. 
12. Williams, B. S.; Holland, A. W.; Goldberg, K. I. J. Am. Chem. Soc. 1999, 121,  
252. 
13. Crumpton, D. M.; Goldberg, K. I. J. Am. Chem. Soc. 2000, 122, 962. 
14. Lanci, M. P.; Remy, M. S.; Lao, D. B.; Sanford, M. S.; Mayer, J. M.  
Organometallics 2011, 30, 3704. 
15. Goldberg, K. I.; Yan, J.; Winter, E. L. J. Am. Chem. Soc. 1994, 116, 1573. 
177 
 
16. Brown, M. P.; Puddephatt, R. J.; Upton, C. E. E. J. Chem. Soc., Dalton Trans.  
1974, 2457. 
17. Puddephatt, R. J. Angew. Chem. Int. Ed. 2002, 41, 261. 
18. Fekl, U.; Kaminsky, W.; Goldberg, K. I. J. Am. Chem. Soc. 2001, 123, 6423. 
19. Reinartz, S.; White, P. S.; Brookhart, M.; Templeton, J. L. J. Am. Chem. Soc.  
2001, 123, 6425. 
20. Oblad, P. F.; Bercaw, J. E.; Hazari, N.; Labinger, J. A. Organometallics 2010, 29,  
789. 
21. Rostovtsev, V. V.; Green, L. G.; Fokin, V. V.; Sharpless, K. B. Angew. Chem. Int.  
Ed. 2002, 41, 2596. 
22. Meldal, M.; Tornoe, C. W. Chem. Rev. 2008, 108, 2952. 
23. Diez-Gonzalez Catal. Sci. Technol. 2011, 1, 166. 
24. van Assema, S. G. A.; Tazelaar, C. G. J.; Bas de Jong, G.; van Maarseveen, J. H.;  
Schakel, M.; Lutz, M.; Spek, A. L.; Slootweg, J. C.; Lammertsma, K.  
Organometallics 2008, 27, 3210. 
25. Frauhiger, B. E.; White, P. S.; Templeton, J. L. Organometallics 2012, 31, 225. 
26. O'Reilly, S. A.; White, P. S.; Templeton, J. L. J. Am. Chem. Soc. 1996, 118, 5684. 
27. Lo, H. C.; Iron, M. A.; Martin, J. M. L.; Keinan, E. Chem. Eur. J. 2007, 13, 2812- 
2823. 
28. Zhong, H. A.; Labinger, J. A.; Bercaw, J. E. J. Am. Chem. Soc. 2002, 124, 1378. 
29. Atwood, J. Inorganic and Organometallic Reaction Mechanism, 2nd ed.; Wiley- 
VCH: New York, 1997. 
30. Neuhaus, D. The nuclear Overhauser effect in structural and conformational  
178 
 
analysis ; Wiley-VCH: New York, 2000. 
31. Abo-Amer, A.; Puddephatt, R. J. Inorg. Chem. Commun. 2011, 14, 111. 
32. Reinartz, S.; Brookhart, M.; Templeton, J. L. Organometallics 2002, 21, 247. 
33. Scollard, J. D.; Day, M.; Labinger, J. A.; Bercaw, J. E. Helv. Chim. Acta. 2001,  
84, 3247. 
34. Steele, B.; Vrieze, K. Transition Met. Chem. 1977, 2, 140. 
  
 
Chapter V 
 
Development of a Bispyrazolyl/Monotriazolyl 
Heteroscorpionate Platinum System 
 
 
Introduction 
 Heteroscorpionate ligands, containing mixed strong and weak donors, have been 
employed in wide range of metal-mediated processes.1,2  Such ligands provide the duel 
benefit of a hemilabile functionality while preventing complete ligand loss.  Typical 
bidentate and tridentate hemilabile scenarios are highlighted in Figure 5.1, where a strong 
donor ligand (X) remains bound the metal center, while a weaker donor (Y) can 
reversibly bind, creating a vacant coordination site. 
 
Figure 5.1.  Typical hemilabile scenarios in bidentate (a) and tridentate (b) ligands. 
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 A plethora of metal-ligand systems have been developed that display reversible 
binding of a hemilabile donor ligand.  Milstein and co-workers have reported a Ru PNN 
pincer system that converts alcohols to esters and the mechanism is believed to involve 
the reversible coordination of a tether amine.3  Goldberg et al. have synthesized a PCO 
tridentate ligand that can adopt κ1, κ2, and κ3 coordination modes.4  Recently, van der 
Vlugt and co-workers have reported a simple synthetic route toward PNN chelates that 
display reversible binding to Rh and Ir metal centers.5  Furthermore, a hemilabile O Rh(I) 
system developed by Dunbar has been utilized for the reversible uptake of small 
molecules and has been incorporated into thin films as molecular sensors.6,7  Similarly, a 
hemilabile Ru(II) system reported by Wolf allows for the reversible uptake of SMe2, 
DMSO, and acetonitrile.8 
 The inability to add nucleophilic reagents to the TtRPt system without displacing 
the TtR ligand from the metal prompted us to explore a mixed pyrazolyl/triazolyl system, 
where we anticipated strong donation from the pyrazolyl nitrogen donors, as was 
observed in the Tp'Pt system (Tp' = hydridotris(3,5-dimethylpyrazolyl)borate) .9-11  We 
were attracted to trispyrazolylmethane (Tpm) derivatives which, like the TtR ligands, have 
a neutral backbone.  However, the synthetic routes toward unsymmetrical tridentate 
ligands often involve multiple steps and can be relatively low yielding.  The past decade 
has seen significant progress toward the development of unsymmetrical hemilabile 
ligands, particularly tridentate meridional chelates, including contributions from Dupont12 
(NCO, PCO), Zargarian13 (PCN), van der Vlugt5 (PNN), Szabó14 (PCS), and Song15 
(PCP).  Similar to their meridional counterparts, the initial reported syntheses of 
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unsymmetric facially-coordinating ligands suffered from poor yields and multiple steps, 
especially for Tpm derivatives.16-20  Canty and co-workers have developed a significantly 
improved synthetic route to unsymmetrical Tpm-derived heteroscorpionates containing 
two pyrazolyl rings and a unique donor by using a cobalt-catalyzed condensation.21-26  
Deprotonation of free pyrazole followed by the addition of phosgene results in a 
bispyrazolyl ketone intermediate.  Treating the solution with an aldehyde or ketone and a 
catalytic amount of cobalt chloride induces a condensation reaction to form the 
unsymmetrical scorpionate product.  Reger et al. have obtained similar results using a 
bispyrazolyl sulfoxide intermediate by employing thionyl chloride in place of phosgene, 
which is both safer and easier to handle (eq 1).27-30   
 
Recognizing this powerful method for the generation of mixed donor ligands, we 
sought to produce similar heteroscorpionates with a C-H backbone that incorporates the 
hemilabile triazolyl functionality.  Would a mixed pyrazolyl/triazolyl donor ligand 
tolerate the introduction of nucleophilic reagents, such as an attack on a platinum 
carbonyl, without causing complete ligand loss?  In this chapter, we report the synthesis 
and metallation of such ligands that contain two pyrazolyl rings and one triazolyl ring.   
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Results and Discussion 
 In the synthetic route reported by Reger, the final condensation step requires a 
carbonyl functionality attached to the eventual heteroscorpionate unique donor.  We, 
therefore, sought to synthesize a 1,2,3-triazole with an aldehyde at the 4-position.  
Employing the same conditions for the copper-catalyzed azide-alkyne cycloaddition 
“Click” reaction used to generate TtR,31-33 phenyl azide and propargyl alcohol were 
combined to produce (1-phenyl-1H-1,2,3-triazol-4-yl)methanol 1-L1  in 66% yield (eq 
2).  The analogous cyclohexyl derivative (1-L2) was generated in 69% yield using 
cyclohexyl azide.  Stahl et al. recently reported the selective oxidation of primary 
alcohols to the corresponding aldehyde using an aerobic Cu(I) triflate/TEMPO system.34  
Applying similar conditions to 1-L1 produced 1-phenyl-1H-1,2,3-triazole-4-carbaldehyde 
2-L1 in 72% yield (69% yield for 2-L2). 
 
 With the aldehyde compounds in hand, we wished to target a heteroscorpionate 
containing two 3,5-dimethyl pyrazolyl donors and a 1,2,3-triazole ring.  Treating a THF 
solution of 3,5-dimethyl pyrazole with sodium hydride resulted in deprotonation of the 
pyrazole NH and evolution of hydrogen gas.  The addition of thionyl chloride presumably 
generated the bispyrazolyl sulfonyl intermediate 3.  Treating 3 with 1,2,3-triazole 
aldehyde 2-L1 and a catalytic amount of cobalt chloride while refluxing overnight 
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produced 4-(bis(3,5-dimethyl-1H-pyrazol-1-yl)methyl)-1-phenyl-1H-1,2,3-triazole 4-L1 
in 87% yield, which we will abbreviate as bpztzPh (eq 3).  The analogous bpztzCy ligand 
4-L2 was produced in 56% yield. 
 
 Metallation of the bpztzR ligands was achieved by treating two equiv of 4 with 
one equiv of [PtMe2(SMe2)]2 and an excess amount of methyl iodide in CH2Cl2 at room 
temperature for 30 min (eq 4).  Removal of the solvent and triturating with pentane 
produced the air- and moisture-stable Pt(IV) cation [bpztzRPtMe3][I] 5 as a pale yellow 
solid in quantitative yield by 1H NMR.  In the 1H NMR spectrum of 5-L1, two Pt-Me 
resonances appear in a 2:1 ratio at 1.4 and 1.3 ppm (2JPt-H = 71 Hz and 73 Hz), 
respectively, reflecting the presence of a mirror plane and C2v symmetry.  The chemical 
shift and coupling for these Pt-Me signals are compatible with other reported Pt(IV)-Me 
complexes.35-38  The triazolyl proton in 5-L1 moves significantly downfield to 10.7 ppm 
when the triazole ring binds to the metal center.  Although downfield movement in 
chemical shift for this proton is in good agreement with 1H NMR spectra recorded of TtR 
platinum complexes,31,32 the triazolyl signal in 5-L1 moves exceptionally far – over 2 
ppm. 
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 Slow diffusion of hexanes into a methylene chloride solution of [5-L2][I] 
produced clear, orange/red hexagonal crystals that were suitable for X-ray 
crystallography.  Figure 5.2 shows the x-ray structure of [5-L2][I] and selected bond 
distances and angles are presented in Table 5.1.  Similar to the related symmetric 
[TtRPtMe3]+ complex,31 the metal center adopts an octahedral geometry with a κ3 
coordination mode for the bpztzCy ligand.  The bond angles about platinum (83-97°) 
hover near the ideal 90°, with the three nitrogens slightly pinched, resulting in a slight 
opening of the N-Pt-C angles.  To our surprise, the Pt-N distance of the triazolyl donor 
(2.135 Å) is the shortest of the three Pt-N bond lengths.  This result we found to be 
counterintuitive, as we believed that the triazolyl donor  would be the weakest, resulting 
in the longest bond length.  Rather, the pyrazolyl donors, with Pt-N distances of 2.178 
and 2.193 Å, appear to be the weaker donors.  
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Figure 5.2.  X-ray structure of [bpztzCyPtMe3][I] 5-L2.  Ellipsoids are drawn at the 50% 
probability level.  Hydrogen atoms are omitted for clarity. 
 
Table 5.1.  Selected bond lengths (Å) and angles (deg) for complex 5-L2.  
Pt-N1 2.135(4) N1-Pt-N4 84.85(14) 
Pt-N4 2.178(4) C1-Pt-N1 93.54(17) 
Pt-N6 2.193(4) C2-Pt-C1 84.8(2) 
Pt-C1 2.061(5)   
Pt-C2 2.042(5)   
Pt-C3 2.054(4)   
 
 It was apparent that the electrophilic P=O backbone in the TtR ligands played an 
important role in the donor strength of the triazolyl nitrogen.  We, therefore, sought to 
synthesize a bpztz derivative containing an electron-withdrawing group as a substituent 
on the triazolyl ring.  Repeating the ligand synthesis using pentafluorophenyl azide 
produced the pentafluorophenyl derivative bpztzC6F5 4-L3 (eq 3).  Using the same 
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conditions for the generation of 5-L1 and 5-L2, the [bpztzC6F5PtMe3]+ cation (5-L3) was 
produced in quantitative conversion by 1H NMR spectroscopy.   Also similar to 5-L1 and 
5-L2, 5-L3 displays a Cs symmetry with a 2:1 ratio in Pt-Me signals (2JPt-H = 72Hz for 
each).  The 19F NMR exhibits the expected doublet and two triplets for the ortho and 
meta/para fluorine atoms.  The one-bond platinum-carbon coupling of values of the two 
Pt-Me resonances, which can be used as indirect measure of the donor strength of the 
corresponding trans ligand, are 685 Hz (trans to pyrazole) and 706 Hz (trans to triazole).  
This ca. 20 Hz difference is slightly greater than was observed for the 5-L2 (ca. 10 Hz). 
 Slow diffusion of hexanes into a methylene chloride solution of [5-L3][I] 
produced clear, orange/red hexagonal crystals that were suitable for X-ray 
crystallography.  Figure 5.3 shows the x-ray structure of [5-L2][I] and selected bond 
distances and angles are presented in Table 5.2.  The Pt-N(triazole) distance of 2.138 Å is 
shorter than the two Pt-N(pyrazole) distances of 2.188 Å, reflecting stronger binding 
from the triazolyl ring compared to the two pyrazoles.  Comparing the Pt-N(triazole) 
distance to the analogous [bpztzCyPtMe3]+ structure reveals that the addition of the 
pentafluorophenyl substituent did not have an impact on the donor strength of the 
triazolyl ring.  This result we found surprising due to the phosphine oxide’s apparent 
influence on triazolyl donor strength in the TtRPt system.   
 
Summary 
 A series of unsymmetrical scorpionate ligands bearing two pyrazolyl rings and 
one triazolyl ring has been synthesized using a cobalt-catalyzed condensation reaction.  
Metallation and subsequent methylation of these ligands result in stable Pt(IV) cations.  
Surprisingly, the solid state structure data reveal that the platinum-nitrogen distance of 
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the triazolyl moiety is shorter than the two platinum-nitrogen pyrazolyl distances, 
indicating that the triazolyl ring is a stronger donor.  The addition of an electrophilic 
substituent on the triazole does not influence the ligand donor strength.  
 
Figure 5.3.  X-ray structure of [bpztzC6F5PtMe3][I] 5-L3.  Ellipsoids are drawn at the 
50% probability level.  Hydrogen atoms and the iodide counterion are omitted for clarity. 
 
Table 5.2.  Selected bond lengths (Å) and angles (deg) for complex 5-L3.  
Pt-N1 2.138(3) N1-Pt-N4 84.95(12) 
Pt-N4 2.188(3) C20-Pt-N1 91.61(15) 
Pt-N6 2.188(3) C20-Pt-C21 89.67(18) 
Pt-C20 2.042(4)   
Pt-C21 2.050(4)   
Pt-C22 2.058(4)   
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Experimental Section 
Materials and Methods.  All reactions were performed under an atmosphere of 
dry nitrogen using standard Schlenk and drybox techniques.  Nitrogen was purified by 
passage through columns of BASF R3-11 catalyst and 4 Å molecule sieves. Methylene 
chloride, dimethyl ether, tetrahydrofuran (THF), and pentane were purified under an 
argon atmosphere and passed through a column packed with activated alumina.39  All 
other chemicals were used as received without further purification.  Silica column 
chromatography was conducted with 230-400 mesh silica gel and alumina column 
chromatography was conducted with 80-200 mesh alumina. 
1H, 31P, and 13C NMR spectra were recorded on Bruker DRX400, AVANCE400, 
or AMX300 spectrometers. 1H NMR and 13C NMR chemical shifts were referenced to 
residual 1H and 13C signals of the deuterated solvents.  Elemental analyses were 
performed by Robertson Microlit Laboratories of Madison, NJ.  High-resolution mass 
spectra were recorded on a Bruker BioTOF II ESI-TOF mass spectrometer.  Mass 
spectral data are reported for the most abundant platinum isotope.   
(1-phenyl-1H-1,2,3-triazol-4-yl)methanol 1-L1.  To a 250-mL Schlenk flask 
was added phenyl azide (7.8 g, 65.5 mmol) and propargylic alcohol (3.78 mL, 68.0 
mmol).  The flask was purged with nitrogen and 60 mL of a 1:1 mixture of tert-butanol 
and water were added through the septum.  The solution was treated with 3.9 mL (3.9 
mmol) of a 1 M aqueous sodium ascorbate solution and 1.54 mL (0.58 mmol) of a 0.37 
M aqueous copper sulfate solution.  The cloudy yellow solution was allowed to stir for 2 
d at room temperature at which point the solution became clear.  The product was 
extracted with CH2Cl2 and dried over MgSO4.  The mixture was then passed through a 
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Celite plug, the solvent was evaporated, and the resulting oil was triturated with pentane 
to produce 7.5 g (43.5 mmol) of 1-L1 in 66% yield.  1H NMR (δ, CD2Cl2, 298 K): 7.74 
(s, 1H, tz), 7.72 (d, 2H, o-Ph), 7.53 (t, 2H, m-Ph), 7.45 (t, 1H, p-Ph), 4.84 (s, 2H, CH2), 
3.13 (br s, 1H, OH).  13C NMR (δ, CD2Cl2, 298 K):  148.9 (tz 4-position), 137.5 (ipso-
Ph), 130.1 (o-Ph), 129.1 (p-Ph), 120.9 (m-Ph), 120.5 (tz 5-position), 56.6 (CH2). 
(1-cyclohexyl-1H-1,2,3-triazol-4-yl)methanol 1-L2.  To a 250-mL Schlenk flask 
was added cyclohexyl azide (7.15 g, 57.7 mmol) and propargylic alcohol (3.31 mL, 59.6 
mmol).  The flask was purged with nitrogen and a 1:1 mixture (60 mL) of tert-butanol 
and water were added through the septum.  The solution was treated with 4.3 mL (4.3 
mmol) of a 1 M aqueous sodium ascorbate solution and 2.15 mL (0.80 mmol) of a 0.37 
M aqueous copper sulfate solution.  The cloudy yellow mixture was allowed to stir for 2 
d at room temperature at which point the solution became clear.  The product was 
extracted with CH2Cl2 and dried over MgSO4.  The mixture was then passed through a 
Celite plug, the solvent was evaporated, and the resulting solid was triturated with 
pentane to produce 7.06 g (39.7 mmol) of 1-L2 in 69% yield. 1H NMR (δ, CD2Cl2, 298 
K): 7.60 (s, 1H, tz), 4.69 (s, 2H, CH2), 4.40 (tt, 1H, CA-H), 4.31 (s, 1H, OH), 2.17-1.21 
(m, 11 H, cyclohexyl).  13C NMR (δ, CD2Cl2, 298 K): 147.9 (tz 4-position), 120.1 (tz 5-
position), 60.4 (CA), 56.2 (CH2), 33.8 (CB), 25.5 (CC), 25.4 (CD).  Anal Calcd for 
C9H15N3O: C, 59.64; H, 8.34; N, 23.19. Found: C, 59.78; H, 8.13; N, 23.18.   
(1-pentafluorophenyl-1H-1,2,3-triazol-4-yl)methanol 1-L3.  To a 250-mL 
Schlenk flask was added pentafluorophenyl azide (1.18 g, 5.65 mmol) and propargylic 
alcohol (0.32 mL, 5.62 mmol).  The flask was purged with nitrogen and a 1:1 mixture (60 
mL) of tert-butanol and water were added through the septum.  The solution was treated 
190 
 
with 0.33 mL (0.33 mmol) of a 1 M aqueous sodium ascorbate solution and 0.20 mL 
(0.07 mmol) of a 0.37 M aqueous copper sulfate solution.  The cloudy yellow mixture 
was allowed to stir overnight at room temperature.  The product was extracted with 
CH2Cl2 and dried over MgSO4.  The mixture was then passed through a Celite plug, the 
solvent was evaporated, and the resulting solid was triturated with pentane to produce 
1.02 g (3.84 mmol) of 1-L3 in 68% yield. 1H NMR (δ, CD2Cl2, 298 K): 7.85 (s, 1H, tz), 
4.88 (s, 2H, CH2), 3.21 (s, 1H, OH).  19F NMR (δ, CD2Cl2, 298 K): -145.7 (d, o-F), -
149.9 (t, p-F), -159.5 (t, m-F).  13C NMR (δ, CD2Cl2, 298 K): 148.2 (tz 4-position), 142.4 
(m, o-ArF and p-ArF, 1JC,F = 264 Hz), 138.0 (m, m-ArF, 1JC,F = 261 Hz), 124.4 (tz 5-
position), 112.8 (m, ipso-ArF). 
1-phenyl-1H-1,2,3-triazole-4-carbaldehyde 2-L1.  A modified version of 
Stahl’s procedure was performed.  A 250-mL Schlenk flask was charged with 7.5 g (43.4 
mmol) of 1-L1.  Acetonitrile (100 mL) was added and the mixture was stirred until all of 
1-L1 dissolved.  The solution was treated with tetrakisacetonitrile copper(I) triflate 
(0.780 g, 2.07 mmol), bipyridine (0.331 g, 2.12 mmol), TEMPO (0.331 g, 2.12 mmol), 
and N-methyl imidazole (0.31 mL, 4.14 mmol) and the resulting dark red solution was 
stirred open to air overnight at which point it became emerald green.  Diethyl ether (40 
mL) and pentane (40 mL) were added and the solution was filtered through a silica plug.  
The solvent was removed by rotary evaporation and pentane (50 mL) was added to 
remove excess TEMPO.  The pink supernatant was decanted off to afford 5.38 g (31.5 
mmol) of 1-L2 as a white crystalline solid in 72% yield.  1H NMR (δ, CD2Cl2, 298 K): 
10.19 (s, 1H, C(O)H), 8.57 (s, 1H, tz), 7.79 (d, 2H, o-Ph), 7.60 (t, 2H, m-Ph), 7.55 (t, 1H, 
p-Ph).  13C NMR (δ, CD2Cl2, 298 K):  184.8 (C(O)H), 148.1 (tz 4-position), 136.2 (ipso-
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Ph), 130.0 (o-Ph), 129.7 (p-Ph), 123.9 (tz 5-position), 120.9 (m-Ph).  IR(CH2Cl2): νC=O = 
1703 cm-1. Anal Calcd for C9H7N3O: C, 62.42; H, 4.07; N, 24.27. Found: C, 62.65; H, 
3.93; N, 24.22.   
1-cyclohexyl-1H-1,2,3-triazole-4-carbaldehyde 2-L2.  A 250-mL Schlenk flask 
was charged with 6.29 g (35.3 mmol) of 1-L2.  Acetonitrile (100 mL) was added and the 
mixture was stirred until all of 1-L2 dissolved.  The solution was treated with 
tetrakisacetonitrile copper(I) triflate (0.658 g, 1.74 mmol), bipyridine (0.280 g, 1.67 
mmol), TEMPO (0.280 g, 1.67 mmol), and N-methyl imidazole (0.28 g, 3.27 mmol) and 
the dark red solution was stirred open to air overnight at which point it became emerald 
green.  Diethyl ether (40 mL) and pentane (40 mL) were added and the solution was 
filtered through a silica plug.  The solvent was removed by rotary evaporation and  
pentane (50 mL) was added to remove excess TEMPO.  The pink supernatant was 
decanted off to afford 4.27 g (24.3 mmol) of 2-L2 as a white crystalline solid in 69% 
yield.    1H NMR (δ, CD2Cl2, 298 K): 10.08 (s, 1H, C(O)H), 8.14 (s, 1H, tz), 4.51 (tt, 1H, 
CA-H), 2.25-1.28 (m, 11 H, cyclohexyl).  13C NMR (δ, CD2Cl2, 298 K):  185.3 (C(O)H), 
147.7 (tz 4-position), 123.6 (tz 5-position), 60.9 (CA), 33.7 (CB), 25.3 (CC), 25.3 (CD).  
IR(CH2Cl2): νC=O = 1698 cm-1.  Anal Calcd for C9H13N3O: C, 60.32; H, 7.31; N, 23.45. 
Found: C, 60.26; H, 7.35; N, 23.31.   
1-pentafluorophenyl-1H-1,2,3-triazole-4-carbaldehyde 2-L3.  A 250-mL 
Schlenk flask was charged with 1.25 g (4.72 mmol) of 1-L3.  Acetonitrile (30 mL) was 
added and the mixture was stirred until all of 1-L3 dissolved.  The solution was treated 
with tetrakisacetonitrile copper(I) triflate (0.087 g, 0.23 mmol), bipyridine (0.036 g, 0.24 
mmol), TEMPO (0.036 g, 0.24 mmol), and N-methyl imidazole (0.037 g, 0.48 mmol) and 
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the dark red solution was stirred open for 2 d at which point it became emerald green.  
Diethyl ether (40 mL) and pentane (40 mL) were added and the solution was filtered 
through a silica plug.  The solvent was removed by rotary evaporation and  pentane (50 
mL) was added to remove excess TEMPO.  The pink supernatant was decanted off to 
afford 0.80 g (3.04 mmol) of 2-L3 as a white crystalline solid in 64% yield.    1H NMR 
(δ, CD2Cl2, 298 K): 10.20 (s, 1H, C(O)H), 8.50 (s, 1H, tz).  19F NMR (δ, CD2Cl2, 298 K): 
-145.9 (d, o-F), -149.3 (t, p-F), -159.6 (t, m-F).  13C NMR (δ, CD2Cl2, 298 K):  184.1 
(C(O)H), 147.8 (tz 4-position),  143.0 (m, p-ArF, 1JC,F = 260 Hz), 142.5 (m, o-ArF, 1JC,F 
= 261 Hz), 138.4 (m, m-ArF, 1JC,F = 258 Hz),  129.0 (tz 5-position), 112.3 (m, ipso-ArF). 
IR(CH2Cl2): νC=O = 1709 cm-1.   
4-(bis(3,5-dimethyl-1H-pyrazol-1-yl)methyl)-1-phenyl-1H-1,2,3-triazole 
(bpztzPh) 4-L1.  A modified version of Reger’s procedure was performed.  A 250-mL 
Schlenk flask was charged with 0.278 g (11.58 mmol) of sodium hydride.  THF (40 mL) 
was added through the septum and the cloudy white solution was cooled to 0°C in an ice 
bath.  3,5-dimethyl pyrazole (1.098 g, 11.55 mmol) was slowly added to the mixture and 
hydrogen gas evolved.  The solution was stirred for 30 min at 0°C and became clear and 
colorless.  Thionyl chloride (0.42 mL, 5.78 mmol) was added through the septum and the 
solution was stirred at 0°C.  After 45 min, 2-L1 (0.500 g, 2.92 mmol) and a catalytic 
amount of CoCl2 (0.018 g, 0.14 mmol) were added.  The sea green solution was refluxed 
overnight then cooled to room temperature.  Diethyl ether (40 mL) and water (40 mL) 
were added and stirred for 30 min to quench the cobalt catalyst.  The organic layer was 
extracted and dried over MgSO4.  After filtration, the solvent was removed by rotary 
evaporation and the yellow oil was triturated three times with pentane to afford 0.880 g 
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(2.53 mmol) of 4-L1 as a yellow solid in 87% yield.  1H NMR (δ, CD2Cl2, 298 K): 8.32 
(s, 1H, tz H), 7.78 (d, 2H, o-Ph), 7.69 (s, 1H, HC(pz)2(tz)), 7.55 (t, 2H, m-Ph), 7.47 (t, 
1H, p-Ph), 5.88 (s, 2H, pz H), 2.32, 2.19 (s, 3H each, pz CH3).  13C NMR (δ, CD2Cl2, 298 
K):  149.0, 140.6 (pz C-CH3), 144.7 (tz 4-position), 137.3 (ipso-Ph), 130.0, (m-Ph), 129.2 
(p-Ph), 123.6 (tz 5-position), 120.9 (o-Ph), 107.1 (pz CH), 67.1 (HC(pz)2(tz)), 13.7, 11.5 
(pz CH3). 
4-(bis(3,5-dimethyl-1H-pyrazol-1-yl)methyl)-1-cyclohexyl-1H-1,2,3-triazole 
(bpztzCy) 4-L2.  A modified version of Reger’s procedure was performed.  A 250-mL 
Schlenk flask was charged with 0.556 g (23.2 mmol) of sodium hydride.  THF (40 mL) 
was added through the septum and the cloudy white solution was cooled to 0°C in an ice 
bath.  3,5-dimethyl pyrazole (2.196 g, 23.1 mmol) was slowly added to the mixture and 
hydrogen gas evolved.  The solution was stirred for 30 min at 0°C and became clear and 
colorless.  Thionyl chloride (0.84 mL, 11.6 mmol) was added through the septum and the 
solution was stirred at 0°C.  After 45 min, 2-L2 (1.03 g, 5.85 mmol) and a catalytic 
amount of CoCl2 (0.036 g, 0.28 mmol) were added.  The sea green solution was refluxed 
overnight then cooled to room temperature.  Diethyl ether (40 mL) and water (40 mL) 
were added and stirred for 30 min to quench the cobalt catalyst.  The organic layer was 
extracted and dried over MgSO4.  After filtration, the solvent was removed by rotary 
evaporation and the yellow oil was triturated five times with pentane to afford 1.15 g 
(3.26 mmol) of 4-L2 as an orange solid in 56% yield.  1H NMR (δ, CD2Cl2, 298 K): 7.91 
(s, 1H, tz H), 7.68 (HC(pz)2(tz)), 5.89 (s, 2H, pz H), 4.47 (tt, 1H, CA-H), 2.33, 2.23 (s, 3H 
each, pz CH3), 2.33-1.32 (11H, cyclohexyl).  13C NMR (δ, CD2Cl2, 298 K):  148.6, 140.4 
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(pz C-CH3), 143.4 (tz 4-position), 123.0 (tz 5-position), 106.1 (pz CH), 67.4 
(HC(pz)2(tz)), 60.6 (CA), 33.7 (CB), 25.4 (CC and CD), 13.6, 11.4 (pz CH3). 
4-(bis(3,5-dimethyl-1H-pyrazol-1-yl)methyl)-1-pentafluorophenyl-1H-1,2,3-
triazole (bpztzC6F5) 4-L3.  A modified version of Reger’s procedure was performed.  A 
250-mL Schlenk flask was charged with 0.294 g (12.3 mmol) of sodium hydride.  THF 
(40 mL) was added through the septum and the cloudy white solution was cooled to 0°C 
in an ice bath.  3,5-dimethyl pyrazole (1.16 g, 16.3 mmol) was slowly added to the 
mixture and hydrogen gas evolved.  The solution was stirred for 30 min at 0°C and 
became clear and colorless.  Thionyl chloride (0.45 mL, 6.21 mmol) was added through 
the septum and the solution was stirred at 0°C.  After 45 min, 2-L3 (0.80 g, 3.04 mmol) 
and a catalytic amount of CoCl2 (0.019 g, 0.15 mmol) were added.  The sea green 
solution was refluxed overnight then cooled to room temperature.  Diethyl ether (40 mL) 
and water (40 mL) were added and stirred for 30 min to quench the cobalt catalyst.  The 
organic layer was extracted and dried over MgSO4.  After filtration, the solvent was 
removed by rotary evaporation and the yellow oil was triturated five times with pentane 
to afford 0.85 g (2.19 mmol) of 4-L3 as an orange solid in 72% yield.  1H NMR (δ, 
CD2Cl2, 298 K): 8.28 (s, 1H, tz H), 7.71 (HC(pz)2(tz)), 5.87 (s, 2H, pz H), 2.32, 2.18 (s, 
3H each, pz CH3).  19F NMR (δ, CD2Cl2, 298 K): -146.1 (d, o-F), -150.7 (t, p-F), -160.4 
(m, m-F).  13C NMR (δ, CD2Cl2, 298 K):  149.2, 140.7 (pz C-CH3), 144.7 (tz 4-position), 
142.8 (m, o-ArF and p-ArF, 1JC,F = 249 Hz), 138.5 (m, m-ArF, 1JC,F = 255 Hz), 128.3 (tz 
5-position), 113.2 (m, ipso-ArF), 107.2 (pz CH), 67.0 (HC(pz)2(tz)), 13.7, 11.4 (pz CH3). 
[bpztzPhPtMe3][I] 5-L1.  A 50-mL Schlenk was charged with 0.030 g (0.05 
mmol) of [PtMe2(SMe2)]2 and 0.036 g (0.10 mmol) of 4-L1.  The flask was purged with 
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nitrogen and CH2Cl2 (10 mL) was added through the septum.  The yellow solution was 
treated with 20 uL (0.30 mmol) of methyl iodide and stirred for 30 min at room 
temperature.  The solvent was removed via rotary evaporation and the resulting oil was 
triturated with pentane to afford 5-L1 as a pale yellow solid in quantitative yield.  1H 
NMR (δ, CD2Cl2, 298 K): 10.67 (s, 1H, tz H), 8.85 (s, 1H, HC(pz)2(tz)), 7.84 (d, 2H, o-
Ph), 7.55 (m, 3H, m-Ph and p-Ph), 6.00 (s, 2H, pz H), 2.83, 2.32 (s, 3H each, pz CH3), 
1.42 (s, 6H, 2JPt-H = 71 Hz, Pt-CH3), 1.32 (s, 3H, 2JPt-H = 73 Hz, Pt-CH3) .  13C NMR (δ, 
CD2Cl2, 298 K):  152.8, 142.8 (pz C-CH3), 139.4 (tz 4-position), 136.4 (ipso-Ph), 130.5, 
(p-Ph), 130.4 (m-Ph), 126.2 (tz 5-position), 121.1 (o-Ph), 108.8 (pz CH), 61.4 
(HC(pz)2(tz)), 13.2, 13.1 (pz CH3), -8.0 (1JPt-C = 688 Hz, Pt-CH3), -10.7 (1JPt-C = 701 Hz, 
Pt-CH3). 
 [bpztzCyPtMe3][I] 5-L2.  A 50-mL Schlenk was charged with 0.030 g (0.05 
mmol) of [PtMe2(SMe2)]2 and 0.037 g (0.10 mmol) of 4-L2.  The flask was purged with 
nitrogen and CH2Cl2 (10 mL) was added through the septum.  The yellow solution was 
treated with 20 μL (0.30 mmol) of methyl iodide and stirred for 30 min at room 
temperature.  The solvent was removed via rotary evaporation and the resulting oil was 
triturated with pentane to afford 5-L1 as a pale yellow solid in quantitative yield.  1H 
NMR (δ, CD2Cl2, 298 K): 10.10 (s, 1H, tz H), 8.73 (HC(pz)2(tz)), 5.98 (s, 2H, pz H), 4.50 
(tt, 1H, CA-H), 2.83, 2.29 (s, 3H each, pz CH3), 2.33-1.25 (11H, cyclohexyl), 1.34 (s, 6H, 
2JPt-H = 72 Hz, Pt-CH3), 1.25 (s, 3H, 2JPt-H = 70 Hz, Pt-CH3).  13C NMR (δ, CD2Cl2, 298 
K):  152.7, 142.6 (pz C-CH3), 138.6 (tz 4-position), 126.2 (tz 5-position), 108.7 (pz CH), 
62.6 (CA), 61.7 (HC(pz)2(tz)),  33.4 (CB), 25.2 (CC and CD), 13.4, 13.2 (pz CH3), -8.3 
(1JPt-C = 690 Hz, Pt-CH3), -11.1 (1JPt-C = 703 Hz, Pt-CH3). 
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 [bpztzC6F5PtMe3][I] 5-L3.  A 50-mL Schlenk was charged with 0.030 g (0.05 
mmol) of [PtMe2(SMe2)]2 and 0.041 g (0.10 mmol) of 4-L3.  The flask was purged with 
nitrogen and CH2Cl2 (10 mL) was added through the septum.  The yellow solution was 
treated with 20 μL (0.30 mmol) of methyl iodide and stirred for 30 min at room 
temperature.  The solvent was removed via rotary evaporation and the resulting oil was 
triturated with pentane to afford 5-L3 as a pale yellow solid in quantitative yield.  1H 
NMR (δ, CD2Cl2, 298 K): 10.65 (s, 1H, tz H), 8.99 (HC(pz)2(tz)), 6.03 (s, 2H, pz H), 
2.88, 2.32 (s, 3H each, pz CH3), 1.38 (s, 6H, 2JPt-H = 72 Hz, Pt-CH3), 1.36 (s, 3H, 2JPt-H = 
72 Hz, Pt-CH3).  19F NMR (δ, CD2Cl2, 298 K): -145.0 (d, o-F), -147.7 (t, p-F), -158.9 (t, 
m-F).  13C NMR (δ, CD2Cl2, 298 K):  153.2, 143.2 (pz C-CH3), 140.3 (tz 4-position), 
131.0 (tz 5-position), 109.1 (pz CH), 61.4 (HC(pz)2(tz)), 13.7, 13.3 (pz CH3), -7.9 (1JPt-C 
= 685 Hz, Pt-CH3), -10.2 (1JPt-C = 706 Hz, Pt-CH3). 
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Table 5.3: Crystal data and structural refinement parameters complex                
[bpztzCyPtMe3][I] (5-L2). 
Chemical formula C22H36IN7Pt 
Formula weight 720.57 
Temperature 100(2) K 
Crystal size 0.194 x 0.153 x 0.112 mm 
Crystal system triclinic 
Space group P-1 
Unit cell dimensions a = 10.0223(4) Å α = 94.156(2)° 
 b = 10.4114(4) Å β = 109.859(2)° 
 c = 13.6904(5) Å γ = 107.026(2)° 
Volume 1261.00(8) Å3  
Z 2 
Density (calculated) 1.898 Mg/cm3 
Absorption coefficient 20.192 mm-1 
F(000) 696.0 
Theta range for data collection 7 to 133.64° 
Index ranges -11<=h<=11, -12<=k<=11, -16<=l<=16 
Reflections collected 21695 
Independent reflections 4338 [R(int) = 0.0471] 
Refinement method Full-matrix least-squares on F2 
Refinement program SHELXL-97 (Sheldrick, 2008) 
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Function minimized Σ w(Fo2 - Fc2)2 
Data / restraints / parameters 4338 / 0 / 287 
Goodness-of-fit on F2 1.043 
Final R indices I>2σ(I) R1 = 0.0286, wR2 = 0.0708 
 all data R1 = 0.0313, wR2 = 0.0721 
Largest diff. peak and hole 1.12 and -0.64 eÅ-3 
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Table 5.4: Crystal data and structural refinement parameters complex                
[bpztzC6F5PtMe3][I] (5-L3). 
Chemical formula C22H25F5IN7Pt 
Formula weight 804.48 
Temperature 100(2) K 
Crystal size 0.335 x 0.135 x 0.092 mm 
Crystal system monoclinic 
Space group P21/c 
Unit cell dimensions a = 15.1356(5) Å α = 90.00° 
 b = 12.7423(5) Å β = 108.392(2)° 
 c = 13.9156(6) Å γ = 90.00° 
Volume 2546.71(17) Å3  
Z 4 
Density (calculated) 2.098 mg/cm3 
Absorption coefficient 20.386 mm-1 
F(000) 1528.0 
Theta range for data collection 6.16 to 139.44° 
Index ranges -18 ≤ h ≤ 18, -15 ≤ k ≤ 15, -16 ≤ l ≤12 
Reflections collected 28097 
Independent reflections 4714 [R(int) = 0.0316] 
Refinement method Full-matrix least-squares on F2 
Refinement program SHELXL-97 (Sheldrick, 2008) 
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Function minimized Σ w(Fo2 - Fc2)2 
Data / restraints / parameters 4714 / 0 / 332 
Goodness-of-fit on F2 1.117 
Final R indices I > 2σ (I) R1 = 0.0257, wR2 = 0.0652 
 all data R1 = 0.0268, wR2 = 0.0658 
Largest diff. peak and hole 1.28 and -0.92 eÅ-3 
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APPENDICES 
 
 
APPENDIX A 
 
Atomic coordinates and isotropic displacement parameters for 
Tp'PtMe2(C(O)NHBn) 
 
U(eq) is defined as one third of the trace of the orthogonalized Uij tensor. 
x/a y/b z/c U(eq) 
Pt1 0.39595(3) 0.24707(3) 0.204169(16) 0.02544(12) 
C1 0.5306(10) 0.3853(8) 0.1221(4) 0.0332(15) 
C2 0.1843(10) 0.4171(7) 0.2135(4) 0.0328(15) 
C3 0.4788(9) 0.3194(8) 0.2849(4) 0.0326(15) 
O4 0.4898(8) 0.4452(6) 0.2826(3) 0.0439(13) 
N5 0.5303(9) 0.2136(7) 0.3425(4) 0.0402(15) 
C6 0.6113(11) 0.2438(11) 0.4000(5) 0.047(2) 
C7 0.4888(10) 0.2731(11) 0.4739(5) 0.048(2) 
C8 0.5000(18) 0.1799(16) 0.5421(7) 0.081(4) 
C9 0.389(2) 0.2111(17) 0.6078(7) 0.096(5) 
C10 0.2669(14) 0.3378(14) 0.6067(6) 0.066(3) 
C11 0.2434(13) 0.4298(12) 0.5394(5) 0.056(2) 
C12 0.3623(14) 0.3961(12) 0.4735(6) 0.060(3) 
B13 0.3957(10) 0.9171(8) 0.1932(5) 0.0284(16) 
N14 0.6134(7) 0.0693(6) 0.1955(3) 0.0269(12) 
N15 0.5811(7) 0.9351(6) 0.1918(3) 0.0265(12) 
C16 0.7289(9) 0.8371(7) 0.1878(4) 0.0282(14) 
C17 0.8586(9) 0.9074(8) 0.1887(4) 0.0321(15) 
C18 0.7830(9) 0.0520(8) 0.1932(4) 0.0301(15) 
C19 0.7372(10) 0.6791(8) 0.1838(5) 0.0366(16) 
C20 0.8676(9) 0.1755(10) 0.1979(5) 0.0421(19) 
N21 0.3096(7) 0.1670(6) 0.1169(3) 0.0296(12) 
N22 0.3293(7) 0.0188(6) 0.1240(3) 0.0287(12) 
C23 0.2788(9) 0.9858(9) 0.0636(4) 0.0353(16) 
C24 0.2253(9) 0.1128(9) 0.0192(4) 0.0376(17) 
C25 0.2442(9) 0.2252(9) 0.0540(4) 0.0351(16) 
C26 0.2908(11) 0.8320(10) 0.0515(5) 0.0436(19) 
C27 0.2024(12) 0.3862(10) 0.0267(5) 0.049(2) 
N28 0.2552(7) 0.0964(6) 0.2856(3) 0.0290(12) 
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x/a y/b z/c U(eq) 
N29 0.2771(7) 0.9601(6) 0.2684(3) 0.0276(12) 
C30 0.1800(9) 0.8790(8) 0.3235(5) 0.0342(16) 
C31 0.0929(10) 0.9671(8) 0.3773(4) 0.0361(16) 
C32 0.1432(9) 0.1024(8) 0.3517(4) 0.0330(15) 
C33 0.1808(11) 0.7235(8) 0.3236(5) 0.0442(19) 
C34 0.0810(10) 0.2372(8) 0.3915(5) 0.0377(17) 
 
BOND LENGTHS (Å) 
 
Pt1-C3 2.024(8) Pt1-C1 2.071(7) 
Pt1-C2 2.081(7) Pt1-N14 2.155(5) 
Pt1-N28 2.165(6) Pt1-N21 2.183(6) 
C1-H1A 0.98 C1-H1B 0.98 
C1-H1C 0.98 C2-H2A 0.98 
C2-H2B 0.98 C2-H2C 0.98 
C3-O4 1.213(9) C3-N5 1.365(10) 
N5-C6 1.449(11) N5-H5 0.88 
C6-C7 1.515(11) C6-H6A 0.99 
C6-H6B 0.99 C7-C12 1.373(14) 
C7-C8 1.378(15) C8-C9 1.365(18) 
C8-H8 0.95 C9-C10 1.378(17) 
C9-H9 0.95 C10-C11 1.378(15) 
C10-H10 0.95 C11-C12 1.401(14) 
C11-H11 0.95 C12-H12 0.95 
B13-N15 1.543(10) B13-N22 1.543(10) 
B13-N29 1.554(9) B13-H13 1.0 
N14-C18 1.339(9) N14-N15 1.376(8) 
N15-C16 1.342(9) C16-C17 1.370(10) 
C16-C19 1.506(9) C17-C18 1.386(10) 
C17-H17 0.95 C18-C20 1.511(11) 
C19-H19A 0.98 C19-H19B 0.98 
C19-H19C 0.98 C20-H20A 0.98 
C20-H20B 0.98 C20-H20C 0.98 
N21-C25 1.330(9) N21-N22 1.367(8) 
N22-C23 1.359(10) C23-C24 1.354(12) 
C23-C26 1.502(11) C24-C25 1.396(11) 
C24-H24 0.95 C25-C27 1.500(11) 
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C26-H26A 0.98 C26-H26B 0.98 
C26-H26C 0.98 C27-H27A 0.98 
C27-H27B 0.98 C27-H27C 0.98 
N28-C32 1.336(9) N28-N29 1.358(8) 
N29-C30 1.353(9) C30-C31 1.382(11) 
C30-C33 1.479(10) C31-C32 1.399(10) 
C31-H31 0.95 C32-C34 1.529(10) 
C33-H33A 0.98 C33-H33B 0.98 
C33-H33C 0.98 C34-H34A 0.98 
C34-H34B 0.98 C34-H34C 0.98 
 
BOND ANGLES (°) 
 
C3-Pt1-C1 88.1(3) C3-Pt1-C2 87.9(3) 
C1-Pt1-C2 89.1(3) C3-Pt1-N14 92.2(3) 
C1-Pt1-N14 91.6(3) C2-Pt1-N14 179.3(3) 
C3-Pt1-N28 94.6(3) C1-Pt1-N28 177.1(3) 
C2-Pt1-N28 92.0(3) N14-Pt1-N28 87.4(2) 
C3-Pt1-N21 179.3(3) C1-Pt1-N21 91.8(3) 
C2-Pt1-N21 92.8(3) N14-Pt1-N21 87.1(2) 
N28-Pt1-N21 85.5(2) Pt1-C1-H1A 109.5 
Pt1-C1-H1B 109.5 H1A-C1-H1B 109.5 
Pt1-C1-H1C 109.5 H1A-C1-H1C 109.5 
H1B-C1-H1C 109.5 Pt1-C2-H2A 109.5 
Pt1-C2-H2B 109.5 H2A-C2-H2B 109.5 
Pt1-C2-H2C 109.5 H2A-C2-H2C 109.5 
H2B-C2-H2C 109.5 O4-C3-N5 120.9(7) 
O4-C3-Pt1 124.2(6) N5-C3-Pt1 114.8(5) 
C3-N5-C6 121.9(7) C3-N5-H5 119.1 
C6-N5-H5 119.1 N5-C6-C7 114.2(7) 
N5-C6-H6A 108.7 C7-C6-H6A 108.7 
N5-C6-H6B 108.7 C7-C6-H6B 108.7 
H6A-C6-H6B 107.6 C12-C7-C8 118.6(9) 
C12-C7-C6 119.4(9) C8-C7-C6 122.1(9) 
C9-C8-C7 120.4(12) C9-C8-H8 119.8 
C7-C8-H8 119.8 C8-C9-C10 120.2(11) 
C8-C9-H9 119.9 C10-C9-H9 119.9 
C11-C10-C9 121.6(9) C11-C10-H10 119.2 
C9-C10-H10 119.2 C10-C11-C12 116.3(10) 
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C10-C11-H11 121.9 C12-C11-H11 121.9 
C7-C12-C11 122.7(10) C7-C12-H12 118.7 
C11-C12-H12 118.7 N15-B13-N22 108.7(6) 
N15-B13-N29 109.8(6) N22-B13-N29 109.2(5) 
N15-B13-H13 109.7 N22-B13-H13 109.7 
N29-B13-H13 109.7 C18-N14-N15 106.8(5) 
C18-N14-Pt1 136.0(5) N15-N14-Pt1 117.1(4) 
C16-N15-N14 109.4(5) C16-N15-B13 130.5(6) 
N14-N15-B13 120.1(5) N15-C16-C17 108.0(6) 
N15-C16-C19 122.6(6) C17-C16-C19 129.5(7) 
C16-C17-C18 106.6(6) C16-C17-H17 126.7 
C18-C17-H17 126.7 N14-C18-C17 109.2(6) 
N14-C18-C20 122.5(6) C17-C18-C20 128.3(7) 
C16-C19-H19A 109.5 C16-C19-H19B 109.5 
H19A-C19-H19B 109.5 C16-C19-H19C 109.5 
H19A-C19-H19C 109.5 H19B-C19-H19C 109.5 
C18-C20-H20A 109.5 C18-C20-H20B 109.5 
H20A-C20-H20B 109.5 C18-C20-H20C 109.5 
H20A-C20-H20C 109.5 H20B-C20-H20C 109.5 
C25-N21-N22 107.6(6) C25-N21-Pt1 136.5(5) 
N22-N21-Pt1 115.8(4) C23-N22-N21 108.9(6) 
C23-N22-B13 129.9(6) N21-N22-B13 121.2(5) 
C24-C23-N22 107.8(7) C24-C23-C26 129.1(7) 
N22-C23-C26 123.1(7) C23-C24-C25 107.0(7) 
C23-C24-H24 126.5 C25-C24-H24 126.5 
N21-C25-C24 108.7(7) N21-C25-C27 123.9(7) 
C24-C25-C27 127.4(7) C23-C26-H26A 109.5 
C23-C26-H26B 109.5 H26A-C26-H26B 109.5 
C23-C26-H26C 109.5 H26A-C26-H26C 109.5 
H26B-C26-H26C 109.5 C25-C27-H27A 109.5 
C25-C27-H27B 109.5 H27A-C27-H27B 109.5 
C25-C27-H27C 109.5 H27A-C27-H27C 109.5 
H27B-C27-H27C 109.5 C32-N28-N29 107.4(5) 
C32-N28-Pt1 135.9(5) N29-N28-Pt1 116.7(4) 
C30-N29-N28 110.2(6) C30-N29-B13 128.8(6) 
N28-N29-B13 121.0(5) N29-C30-C31 107.0(6) 
N29-C30-C33 123.7(7) C31-C30-C33 129.3(7) 
C30-C31-C32 106.3(6) C30-C31-H31 126.8 
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C32-C31-H31 126.8 N28-C32-C31 109.0(6) 
N28-C32-C34 124.7(6) C31-C32-C34 126.3(7) 
C30-C33-H33A 109.5 C30-C33-H33B 109.5 
H33A-C33-H33B 109.5 C30-C33-H33C 109.5 
H33A-C33-H33C 109.5 H33B-C33-H33C 109.5 
C32-C34-H34A 109.5 C32-C34-H34B 109.5 
H34A-C34-H34B 109.5 C32-C34-H34C 109.5 
H34A-C34-H34C 109.5 H34B-C34-H34C 109.5 
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APPENDIX B 
 
Atomic coordinates and isotropic displacement parameters for 
[Tp'PtMe2(=C(OMe)NHBn)]][BF4] 
 
Atom x y z U(eq) 
Pt1 8568.49(13) 3384.68(12) 8486.61(7) 20.05(8) 
O1 7035(2) 5219(2) 8586.1(13) 26.8(6) 
N1 7149(3) 4100(3) 9342.9(16) 26.8(8) 
N2 9685(3) 2352(3) 8157.8(15) 23.8(7) 
N3 9952(3) 2579(3) 7584.1(16) 25.9(7) 
N4 9657(3) 4594(3) 8216.9(15) 22.0(7) 
N5 9857(3) 4514(3) 7616.5(15) 22.3(7) 
N6 7472(3) 3401(3) 7529.9(16) 23.3(7) 
N7 8070(3) 3510(3) 7058.0(17) 25.8(8) 
C1 7503(3) 4332(4) 8831.1(19) 24.8(9) 
C2 7210(4) 5690(3) 8002.6(19) 28.6(9) 
C3 6219(4) 4639(4) 9586(2) 31(1) 
C3A 6219(4) 4639(4) 9586(2) 31(1) 
C4 6573(5) 5465(5) 10071(3) 25.2(13) 
C4A 5073(6) 4171(7) 9362(4) 27(3) 
C5A 4690(7) 3272(7) 9607(4) 30(3) 
C6A 3578(8) 2865(7) 9338(6) 30(3) 
C7A 2849(7) 3356(10) 8824(6) 35(5) 
C8A 3232(7) 4254(9) 8579(5) 39(4) 
C9A 4344(8) 4662(6) 8848(4) 35(3) 
C5 7018(5) 5163(5) 10697(3) 28.4(13) 
C6 7292(6) 5896(7) 11170(3) 31.2(15) 
C7 7116(9) 6930(9) 11024(5) 34(2) 
C8 6682(7) 7241(6) 10420(4) 36.6(18) 
C9 6407(7) 6505(5) 9933(3) 34.2(16) 
C10 7578(4) 2153(3) 8693(2) 29.1(9) 
C11 9690(4) 3337(3) 9382.9(19) 27.4(9) 
C12 10252(5) 973(4) 8993(2) 40.2(11) 
C13 10262(4) 1478(3) 8373(2) 26.9(9) 
C14 10894(4) 1143(4) 7935(2) 33.3(10) 
C15 10699(4) 1851(4) 7450(2) 31.5(10) 
C16 11161(5) 1884(5) 6863(3) 54.5(16) 
C17 10059(4) 5873(4) 9100(2) 30.0(9) 
C18 10115(4) 5504(4) 8458.0(19) 25.3(9) 
C19 10637(4) 5994(3) 8019.5(19) 26.2(9) 
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C20 10459(4) 5366(3) 7499.8(19) 26.4(9) 
C21 10814(4) 5516(4) 6879(2) 35.0(11) 
C22 5357(4) 3381(4) 7640(2) 31.6(10) 
C23 6304(4) 3429(3) 7269(2) 27.2(9) 
C24 6154(4) 3541(4) 6628(2) 33.9(10) 
C25 7270(4) 3600(4) 6503(2) 28.7(9) 
C26 7602(5) 3758(5) 5883(2) 48.8(14) 
B1 9439(4) 3550(4) 7205(2) 24.4(10) 
S1 7759(1) 1676.5(8) 589.9(5) 28.4(2) 
F1 6663(3) -108(2) 480.7(14) 45.2(7) 
F2 6054(3) 916(2) -304.9(12) 41.7(7) 
F3 5554(2) 1189(2) 584.6(12) 39.2(6) 
O2 8020(3) 1548(3) 1268.8(16) 41.4(9) 
O3 8617(3) 1240(3) 275.2(15) 37.8(8) 
O4 7342(3) 2693(3) 366.4(16) 36.6(7) 
C27 6436(4) 882(4) 327(2) 32.1(10) 
 
 
 
BOND LENGTHS (Å) 
 
Pt1 N2 2.090(3)   C5A C6A 1.3900 
Pt1 N4 2.168(3)   C6A C7A 1.3900 
Pt1 N6 2.175(4)   C7A C8A 1.3900 
Pt1 C1 1.997(4)   C8A C9A 1.3900 
  Pt1  C10 2.069(4)     C5  C6 1.380(10) 
  Pt1  C11 2.081(4)     C6  C7 1.378(12) 
 O1  C1 1.327(5)     C7  C8 1.354(12) 
 O1  C2 1.459(5)     C8  C9 1.403(10) 
N1 C1 1.301(5)   C12 C13 1.497(6) 
N1 C3 1.473(5)   C13 C14 1.392(6) 
N2 N3 1.379(5)   C14 C15 1.374(7) 
N2 C13 1.341(5)   C15 C16 1.488(7) 
N3 C15 1.352(6)   C17 C18 1.487(5) 
N3 B1 1.544(6)   C18 C19 1.388(6) 
N4 N5 1.376(4)   C19 C20 1.366(6) 
N4 C18 1.346(6)   C20 C21 1.505(5) 
N5 C20 1.357(5)   C22 C23 1.497(6) 
N5 B1 1.545(6)   C23 C24 1.371(7) 
N6 N7 1.365(5)   C24 C25 1.378(7) 
N6 C23 1.341(6)   C25 C26 1.492(6) 
N7 C25 1.348(6)   S1 O2 1.444(4) 
N7 B1 1.542(6)   S1 O3 1.439(3) 
C3 C4 1.491(7)   S1 O4 1.446(3) 
C4 C5 1.396(8)   S1 C27 1.824(5) 
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                      C4 C9 1.381(9)      F1       C27      1.334(6) 
             C4A      C5A     1.3900        F2     C27      1.342(5) 
                      C4A      C9A    1.3900        F3     C27      1.329(5) 
 
BOND ANGLES (°)  
 
N2 Pt1 N4 85.94(13)  C6A C7A C8A 120.0 
N2 Pt1 N6 87.30(13)  C7A C8A C9A 120.0 
N4 Pt1 N6 89.11(13)  C8A C9A C4A 120.0 
C1 Pt1 N2 177.61(15)  C6 C5 C4 120.2(6) 
C1 Pt1 N4 95.87(16)  C7 C6 C5 119.8(8) 
C1 Pt1 N6 94.29(15)  C8 C7 C6 120.9(9) 
C1 Pt1 C10 88.49(18)  C7 C8 C9 119.9(8) 
C1 Pt1 C11 88.60(17)  C4 C9 C8 120.0(7) 
C10 Pt1 N2 89.75(16)  N2 C13 C12 125.2(4) 
C10 Pt1 N4 175.36(14)  N2 C13 C14 108.7(4) 
C10 Pt1 N6 88.97(16)  C14 C13 C12 126.0(4) 
C10 Pt1 C11 91.94(17)  C15 C14 C13 107.1(4) 
C11 Pt1 N2 89.84(15)  N3 C15 C14 107.6(4) 
C11 Pt1 N4 89.76(15)  N3 C15 C16 122.2(5) 
C11 Pt1 N6 177.00(14)  C14 C15 C16 130.2(4) 
C1 O1 C2 125.8(3)  N4 C18 C17 123.2(4) 
C1 N1 C3 126.2(4)  N4 C18 C19 109.1(4) 
N3 N2 Pt1 116.9(3)  C19 C18 C17 127.7(4) 
C13 N2 Pt1 135.7(3)  C20 C19 C18 106.6(4) 
C13 N2 N3 107.4(3)  N5 C20 C19 108.5(4) 
N2 N3 B1 121.1(3)  N5 C20 C21 121.7(4) 
C15 N3 N2 109.2(4)  C19 C20 C21 129.8(4) 
C15 N3 B1 129.7(4)  N6 C23 C22 124.0(4) 
N5 N4 Pt1 115.6(3)  N6 C23 C24 108.4(4) 
C18 N4 Pt1 136.6(3)  C24 C23 C22 127.5(4) 
C18 N4 N5 107.4(3)  C23 C24 C25 107.2(4) 
N4 N5 B1 120.6(3)  N7 C25 C24 107.7(4) 
C20 N5 N4 108.5(3)  N7 C25 C26 123.6(4) 
C20 N5 B1 130.9(3)  C24 C25 C26 128.7(4) 
N7 N6 Pt1 115.6(3)  N3 B1 N5 108.4(3) 
C23 N6 Pt1 135.9(3)  N7 B1 N3 109.6(3) 
C23 N6 N7 108.2(3)  N7 B1 N5 108.7(3) 
N6 N7 B1 121.1(3)  O2 S1 O4 115.1(2) 
C25 N7 N6 108.5(4)  O2 S1 C27 102.8(2) 
C25 N7 B1 130.4(4)  O3 S1 O2 115.5(2) 
O1 C1 Pt1 127.6(3)  O3 S1 O4 114.3(2) 
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N1 C1 Pt1 121.1(3)  O3 S1 C27 104.4(2) 
N1 C1 O1 111.3(4)  O4 S1 C27 102.4(2) 
N1 C3 C4 119.0(4)  F1 C27 S1 111.0(3) 
C5 C4 C3 118.0(6)  F1 C27 F2 106.8(4) 
C9 C4 C3 122.8(6)  F2 C27 S1 111.1(3) 
C9 C4 C5 119.1(6)  F3 C27 S1 111.6(3) 
C5A C4A C9A 120.0  F3 C27 F1 107.9(4) 
C4A C5A C6A 120.0  F3 C27 F2 108.2(4) 
C7A C6A C5A 120.0        
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APPENDIX C 
 
Atomic coordinates and isotropic displacement parameters for [TtPhPtMe3][BAr'4] 
 
U(eq) is defined as one third of the trace of the orthogonalized Uij tensor. 
x/a y/b z/c U(eq) 
Pt1 0.711461(6) 0.82381(7) 0.90572(4) 0.01449(4) 
P1 0.83647(4) 0.93808(4) 0.99683(3) 0.01465(12) 
C1 0.72534(18) 0.69800(17) 0.88655(12) 0.0210(5) 
C2 0.6937(2) 0.8485(2) 0.82813(11) 0.0236(5) 
C3 0.58738(17) 0.8037(2) 0.90587(12) 0.0235(5) 
O4 0.88728(12) 0.98631(12) 0.03593(6) 0.0191(4) 
N5 0.70127(13) 0.95867(13) 0.92801(9) 0.0166(5) 
N6 0.64483(13) 0.01308(14) 0.91063(9) 0.0181(5) 
N7 0.66304(13) 0.08816(14) 0.93455(9) 0.0182(5) 
C8 0.61151(17) 0.16173(18) 0.92347(12) 0.0198(5) 
C9 0.56909(18) 0.1674(2) 0.87543(12) 0.0235(5) 
C10 0.5193(2) 0.2385(2) 0.86497(12) 0.0283(7) 
C11 0.5128(2) 0.3018(2) 0.90176(13) 0.0305(7) 
C12 0.5556(2) 0.2949(2) 0.94986(13) 0.0311(7) 
C13 0.6055(2) 0.2241(2) 0.96118(12) 0.0263(5) 
C14 0.73103(17) 0.08137(18) 0.96728(11) 0.0180(5) 
C15 0.75523(16) 0.99819(18) 0.96318(10) 0.0169(5) 
N16 0.73226(13) 0.79960(14) 0.98821(9) 0.0160(4) 
N17 0.69964(13) 0.73717(14) 0.01403(9) 0.0175(5) 
N18 0.72938(13) 0.74656(14) 0.06359(9) 0.0182(5) 
C19 0.70754(17) 0.6865(2) 0.10243(12) 0.0213(5) 
C20 0.6968(2) 0.7172(2) 0.15168(12) 0.0279(7) 
C21 0.6778(2) 0.6587(2) 0.18947(13) 0.0379(8) 
C22 0.6693(2) 0.5730(2) 0.17763(13) 0.0373(9) 
C23 0.6790(2) 0.5436(2) 0.12809(14) 0.0335(8) 
C24 0.69845(18) 0.6009(2) 0.08958(12) 0.0259(5) 
C25 0.78072(17) 0.81461(18) 0.06957(11) 0.0180(5) 
C26 0.78220(16) 0.84861(18) 0.02098(11) 0.0161(5) 
N27 0.84323(13) 0.84720(14) 0.90664(9) 0.0169(5) 
N28 0.89119(14) 0.82217(14) 0.87099(9) 0.0187(5) 
N29 0.96693(13) 0.85142(14) 0.88625(9) 0.0178(5) 
C30 0.03400(17) 0.8389(2) 0.85347(11) 0.0195(5) 
C31 0.09700(18) 0.8982(2) 0.85539(12) 0.0236(5) 
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x/a y/b z/c U(eq) 
C32 0.1615(2) 0.8861(2) 0.82361(12) 0.0273(7) 
C33 0.1616(2) 0.8164(2) 0.79110(13) 0.0327(8) 
C34 0.0977(2) 0.7578(2) 0.78984(14) 0.0409(9) 
C35 0.0330(2) 0.7681(2) 0.82119(13) 0.0338(8) 
C36 0.96753(17) 0.89481(17) 0.93155(10) 0.0164(5) 
C37 0.88768(17) 0.89186(17) 0.94450(10) 0.0164(5) 
B38 0.2051(2) 0.9173(2) 0.63151(12) 0.0179(5) 
C39 0.29903(17) 0.95287(17) 0.64542(11) 0.0186(5) 
C40 0.33383(18) 0.9544(2) 0.69656(12) 0.0225(5) 
C41 0.4117(2) 0.9886(2) 0.70959(12) 0.0275(7) 
C42 0.45829(18) 0.0236(2) 0.67197(12) 0.0259(5) 
C43 0.42545(18) 0.0222(2) 0.62099(12) 0.0215(5) 
C44 0.34806(17) 0.98686(18) 0.60817(11) 0.0191(5) 
C45 0.4436(2) 0.9908(2) 0.76517(13) 0.0440(10) 
C46 0.47429(18) 0.0583(2) 0.57885(12) 0.0239(5) 
F47 0.3998(4) 0.0499(5) 0.7926(2) 0.0724(16) 
F47A 0.4052(5) 0.9443(8) 0.7965(4) 0.067(2) 
F48 0.4292(7) 0.9172(7) 0.7899(4) 0.069(2) 
F48A 0.5223(5) 0.9725(7) 0.7709(4) 0.076(2) 
F49 0.5185(7) 0.0153(5) 0.7743(4) 0.071(2) 
F49A 0.4391(5) 0.0701(5) 0.7854(2) 0.0858(18) 
F50 0.51679(11) 0.99676(12) 0.55531(6) 0.0297(4) 
F51 0.53032(11) 0.11600(12) 0.59650(8) 0.0339(4) 
F52 0.42686(11) 0.09623(12) 0.54135(8) 0.0328(4) 
C53 0.17795(17) 0.94030(18) 0.57101(11) 0.0188(5) 
C54 0.19908(18) 0.8868(2) 0.53049(12) 0.0217(5) 
C55 0.1800(2) 0.9067(2) 0.47863(12) 0.0273(7) 
C56 0.1399(2) 0.9823(2) 0.46464(12) 0.0299(7) 
C57 0.1199(2) 0.0377(2) 0.50389(12) 0.0275(7) 
C58 0.13769(17) 0.0165(2) 0.55599(12) 0.0226(5) 
C59 0.2047(2) 0.8441(2) 0.43837(13) 0.0415(9) 
C60 0.0785(2) 0.1214(2) 0.49033(13) 0.0338(8) 
F61 0.1808(2) 0.76436(16) 0.44811(10) 0.0716(9) 
F62 0.28704(17) 0.8395(2) 0.43670(10) 0.0615(7) 
F63 0.1757(2) 0.8641(2) 0.39066(9) 0.0634(7) 
F64 0.1155(4) 0.1863(4) 0.5164(2) 0.0506(14) 
F64A 0.0944(4) 0.1451(4) 0.4393(2) 0.0648(13) 
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x/a y/b z/c U(eq) 
F65 0.1241(4) 0.1845(4) 0.4882(2) 0.0611(15) 
F65A 0.0244(4) 0.1184(4) 0.4511(2) 0.0694(14) 
F66 0.0043(2) 0.1224(2) 0.4918(2) 0.0542(11) 
F66A 0.0234(4) 0.1463(4) 0.5292(2) 0.0650(13) 
C67 0.14065(17) 0.96300(18) 0.67002(11) 0.0186(5) 
C68 0.16139(18) 0.03439(18) 0.70082(11) 0.0205(5) 
C69 0.1070(2) 0.0699(2) 0.73452(12) 0.0231(5) 
C70 0.0286(2) 0.0376(2) 0.73753(12) 0.0247(5) 
C71 0.00516(18) 0.9688(2) 0.70580(12) 0.0231(5) 
C72 0.05988(17) 0.93217(18) 0.67326(11) 0.0206(5) 
C73 0.1371(2) 0.1407(2) 0.76993(12) 0.0323(7) 
C74 0.9189(2) 0.9354(2) 0.70655(12) 0.0291(7) 
F75 0.17885(14) 0.20070(12) 0.74638(8) 0.0425(5) 
F76 0.07616(17) 0.18129(16) 0.79210(11) 0.0593(7) 
F77 0.18726(18) 0.11130(14) 0.80919(9) 0.0586(7) 
F78 0.8675(2) 0.9833(4) 0.6746(2) 0.0450(13) 
F78A 0.8984(5) 0.8768(5) 0.6701(2) 0.062(2) 
F79 0.9042(4) 0.8974(5) 0.7499(2) 0.0659(15) 
F79A 0.8897(2) 0.9429(4) 0.7537(2) 0.0482(11) 
F80 0.9111(5) 0.8564(5) 0.6932(2) 0.0581(17) 
F80A 0.8634(4) 0.9955(5) 0.7017(2) 0.0628(15) 
C81 0.19870(18) 0.81262(18) 0.64056(11) 0.0184(5) 
C82 0.13303(17) 0.76551(18) 0.61689(11) 0.0190(5) 
C83 0.11963(18) 0.67965(18) 0.62837(12) 0.0211(5) 
C84 0.1723(2) 0.6360(2) 0.66393(12) 0.0231(5) 
C85 0.2389(2) 0.6809(2) 0.68694(12) 0.0222(5) 
C86 0.25249(17) 0.76626(18) 0.67487(11) 0.0191(5) 
C87 0.0486(2) 0.6335(2) 0.60117(12) 0.0241(5) 
C88 0.2935(2) 0.6356(2) 0.72736(12) 0.0280(7) 
F89 0.98236(11) 0.68330(12) 0.59213(9) 0.0363(5) 
F90 0.02449(12) 0.56527(12) 0.62782(8) 0.0356(4) 
F91 0.06735(11) 0.60350(12) 0.55433(6) 0.0307(4) 
F92 0.25543(13) 0.62223(14) 0.77090(8) 0.0448(5) 
F93 0.31708(12) 0.55814(12) 0.71138(8) 0.0368(5) 
F94 0.36242(12) 0.67879(12) 0.74112(8) 0.0400(5) 
C95 0.5719(2) 0.9984(2) 0.07915(17) 0.0540(11) 
Cl1 0.57690(5) 0.92007(6) 0.03043(4) 0.0416(2) 
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x/a y/b z/c U(eq) 
Cl2 0.66265(10) 0.05632(12) 0.08891(5) 0.0920(5) 
 
BOND LENGTHS (Å) 
 
Pt1-C1 2.039(3) Pt1-C2 2.043(3) 
Pt1-C3 2.045(3) Pt1-N16 2.168(2) 
Pt1-N27 2.175(2) Pt1-N5 2.189(2) 
P1-O4 1.468(2) P1-C26 1.787(3) 
P1-C37 1.789(3) P1-C15 1.796(3) 
N5-N6 1.307(3) N5-C15 1.366(4) 
N6-N7 1.347(3) N7-C14 1.350(4) 
N7-C8 1.438(4) C8-C9 1.381(4) 
C8-C13 1.385(4) C9-C10 1.388(4) 
C10-C11 1.380(5) C11-C12 1.387(5) 
C12-C13 1.389(5) C14-C15 1.362(4) 
N16-N17 1.313(3) N16-C26 1.366(4) 
N17-N18 1.345(3) N18-C25 1.353(4) 
N18-C19 1.435(4) C19-C24 1.380(4) 
C19-C20 1.382(4) C20-C21 1.387(5) 
C21-C22 1.376(6) C22-C23 1.379(6) 
C23-C24 1.390(4) C25-C26 1.365(4) 
N27-N28 1.308(3) N27-C37 1.367(4) 
N28-N29 1.348(3) N29-C36 1.351(4) 
N29-C30 1.441(4) C30-C31 1.380(4) 
C30-C35 1.383(4) C31-C32 1.390(4) 
C32-C33 1.374(5) C33-C34 1.383(5) 
C34-C35 1.383(5) C36-C37 1.366(4) 
B38-C53 1.635(4) B38-C39 1.643(4) 
B38-C81 1.652(4) B38-C67 1.657(4) 
C39-C44 1.397(4) C39-C40 1.402(4) 
C40-C41 1.394(4) C41-C42 1.386(5) 
C41-C45 1.493(5) C42-C43 1.387(4) 
C43-C44 1.394(4) C43-C46 1.502(4) 
C45-F47A 1.281(13) C45-F49 1.284(11) 
C45-F48A 1.312(11) C45-F48 1.342(12) 
C45-F49A 1.347(10) C45-F47 1.389(9) 
C46-F52 1.334(4) C46-F51 1.338(4) 
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C46-F50 1.352(4) F47-F49A 0.748(9) 
F47-F47A 1.651(16) F47A-F48 0.609(14) 
F48A-F49 0.677(14) F49-F49A 1.592(16) 
C53-C58 1.398(4) C53-C54 1.400(4) 
C54-C55 1.390(4) C55-C56 1.384(5) 
C55-C59 1.501(5) C56-C57 1.388(5) 
C57-C58 1.397(4) C57-C60 1.499(4) 
C59-F63 1.326(4) C59-F61 1.332(5) 
C59-F62 1.347(5) C60-F66 1.212(6) 
C60-F65 1.235(7) C60-F65A 1.297(6) 
C60-F64 1.336(7) C60-F64A 1.409(6) 
C60-F66A 1.445(7) F64-F65 0.754(8) 
F64-F66A 1.678(9) F64A-F65A 1.270(9) 
F64A-F65 1.455(10) F65A-F66 1.125(9) 
F66-F66A 1.061(8) C67-C68 1.396(4) 
C67-C72 1.408(4) C68-C69 1.399(4) 
C69-C70 1.379(4) C69-C73 1.495(4) 
C70-C71 1.387(4) C71-C72 1.390(4) 
C71-C74 1.500(4) C73-F75 1.329(4) 
C73-F76 1.339(4) C73-F77 1.339(4) 
C74-F80 1.284(9) C74-F80A 1.301(7) 
C74-F79 1.304(7) C74-F78A 1.338(8) 
C74-F79A 1.344(7) C74-F78 1.357(6) 
F78-F80A 0.732(7) F78-F78A 1.740(12) 
F78A-F80 0.695(10) F79-F79A 0.756(8) 
F79-F80 1.611(12) F79A-F80A 1.609(10) 
C81-C82 1.402(4) C81-C86 1.403(4) 
C82-C83 1.391(4) C83-C84 1.390(4) 
C83-C87 1.496(4) C84-C85 1.389(4) 
C85-C86 1.389(4) C85-C88 1.500(4) 
C87-F89 1.336(4) C87-F90 1.341(4) 
C87-F91 1.352(4) C88-F94 1.336(4) 
C88-F92 1.338(4) C88-F93 1.341(4) 
C95-Cl2 1.734(4) C95-Cl1 1.760(4) 
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BOND ANGLES (°) 
 
C1-Pt1-C2 87.32(12) C1-Pt1-C3 88.81(12) 
C2-Pt1-C3 87.59(13) C1-Pt1-N16 93.38(11) 
C2-Pt1-N16 178.83(11) C3-Pt1-N16 93.36(11) 
C1-Pt1-N27 92.18(10) C2-Pt1-N27 92.96(11) 
C3-Pt1-N27 178.89(11) N16-Pt1-N27 86.08(9) 
C1-Pt1-N5 177.76(10) C2-Pt1-N5 93.97(11) 
C3-Pt1-N5 93.08(11) N16-Pt1-N5 85.30(9) 
N27-Pt1-N5 85.92(9) O4-P1-C26 115.36(12) 
O4-P1-C37 117.16(12) C26-P1-C37 102.55(13) 
O4-P1-C15 115.29(12) C26-P1-C15 102.17(13) 
C37-P1-C15 102.15(13) N6-N5-C15 109.9(2) 
N6-N5-Pt1 126.66(18) C15-N5-Pt1 123.44(18) 
N5-N6-N7 106.2(2) N6-N7-C14 111.4(2) 
N6-N7-C8 119.7(2) C14-N7-C8 129.0(2) 
C9-C8-C13 122.2(3) C9-C8-N7 118.6(3) 
C13-C8-N7 119.3(3) C8-C9-C10 118.4(3) 
C11-C10-C9 120.6(3) C10-C11-C12 120.2(3) 
C11-C12-C13 120.1(3) C8-C13-C12 118.6(3) 
N7-C14-C15 104.8(2) C14-C15-N5 107.8(2) 
C14-C15-P1 131.8(2) N5-C15-P1 120.3(2) 
N17-N16-C26 110.1(2) N17-N16-Pt1 125.99(18) 
C26-N16-Pt1 123.89(18) N16-N17-N18 105.8(2) 
N17-N18-C25 111.9(2) N17-N18-C19 120.3(2) 
C25-N18-C19 127.8(2) C24-C19-C20 122.5(3) 
C24-C19-N18 119.3(3) C20-C19-N18 118.1(3) 
C19-C20-C21 118.0(3) C22-C21-C20 120.4(3) 
C21-C22-C23 120.8(3) C22-C23-C24 119.8(3) 
C19-C24-C23 118.4(3) N18-C25-C26 104.4(2) 
C25-C26-N16 107.8(2) C25-C26-P1 131.7(2) 
N16-C26-P1 120.5(2) N28-N27-C37 110.1(2) 
N28-N27-Pt1 125.38(18) C37-N27-Pt1 124.50(18) 
N27-N28-N29 105.8(2) N28-N29-C36 112.0(2) 
N28-N29-C30 119.8(2) C36-N29-C30 128.1(2) 
C31-C30-C35 122.3(3) C31-C30-N29 118.7(3) 
C35-C30-N29 119.0(3) C30-C31-C32 118.6(3) 
C33-C32-C31 120.1(3) C32-C33-C34 120.3(3) 
216 
 
C35-C34-C33 120.8(3) C34-C35-C30 118.0(3) 
N29-C36-C37 104.2(2) C36-C37-N27 107.9(2) 
C36-C37-P1 132.3(2) N27-C37-P1 119.7(2) 
C53-B38-C39 108.7(2) C53-B38-C81 109.7(2) 
C39-B38-C81 111.7(2) C53-B38-C67 109.8(2) 
C39-B38-C67 110.0(2) C81-B38-C67 106.9(2) 
C44-C39-C40 115.5(3) C44-C39-B38 123.0(3) 
C40-C39-B38 121.4(3) C41-C40-C39 122.4(3) 
C42-C41-C40 120.9(3) C42-C41-C45 119.6(3) 
C40-C41-C45 119.4(3) C41-C42-C43 117.8(3) 
C42-C43-C44 121.0(3) C42-C43-C46 119.6(3) 
C44-C43-C46 119.4(3) C43-C44-C39 122.5(3) 
F47A-C45-F49 123.5(8) F47A-C45-F48A 108.8(8) 
F49-C45-F48A 30.2(6) F47A-C45-F48 26.7(6) 
F49-C45-F48 111.3(8) F48A-C45-F48 87.8(7) 
F47A-C45-F49A 103.4(6) F49-C45-F49A 74.4(6) 
F48A-C45-F49A 103.6(6) F48-C45-F49A 125.8(7) 
F47A-C45-F47 76.3(6) F49-C45-F47 102.9(6) 
F48A-C45-F47 128.2(6) F48-C45-F47 102.3(6) 
F49A-C45-F47 31.7(4) F47A-C45-C41 116.2(6) 
F49-C45-C41 116.5(6) F48A-C45-C41 112.1(6) 
F48-C45-C41 112.2(6) F49A-C45-C41 111.7(5) 
F47-C45-C41 110.4(4) F52-C46-F51 107.3(2) 
F52-C46-F50 106.0(2) F51-C46-F50 105.8(2) 
F52-C46-C43 112.6(2) F51-C46-C43 112.8(3) 
F50-C46-C43 111.9(2) F49A-F47-C45 71.1(11) 
F49A-F47-F47A 113.1(13) C45-F47-F47A 48.9(5) 
F48-F47A-C45 82.(2) F48-F47A-F47 135.(2) 
C45-F47A-F47 54.8(6) F47A-F48-C45 71.(2) 
F49-F48A-C45 72.7(17) F48A-F49-C45 77.2(16) 
F48A-F49-F49A 130.(2) C45-F49-F49A 54.6(6) 
F47-F49A-C45 77.2(12) F47-F49A-F49 122.5(15) 
C45-F49A-F49 51.0(5) C58-C53-C54 115.7(3) 
C58-C53-B38 122.9(3) C54-C53-B38 121.3(3) 
C55-C54-C53 122.5(3) C56-C55-C54 120.8(3) 
C56-C55-C59 121.1(3) C54-C55-C59 118.1(3) 
C55-C56-C57 118.0(3) C56-C57-C58 120.9(3) 
C56-C57-C60 119.7(3) C58-C57-C60 119.4(3) 
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C57-C58-C53 122.0(3) F63-C59-F61 107.8(3) 
F63-C59-F62 105.9(3) F61-C59-F62 105.1(4) 
F63-C59-C55 113.4(3) F61-C59-C55 112.4(3) 
F62-C59-C55 111.8(3) F66-C60-F65 126.5(5) 
F66-C60-F65A 53.1(4) F65-C60-F65A 111.8(5) 
F66-C60-F64 113.0(5) F65-C60-F64 33.8(4) 
F65A-C60-F64 132.9(4) F66-C60-F64A 105.9(5) 
F65-C60-F64A 66.4(5) F65A-C60-F64A 55.8(4) 
F64-C60-F64A 99.7(5) F66-C60-F66A 46.0(4) 
F65-C60-F66A 102.8(5) F65A-C60-F66A 97.5(5) 
F64-C60-F66A 74.1(5) F64A-C60-F66A 137.9(4) 
F66-C60-C57 115.9(4) F65-C60-C57 116.2(4) 
F65A-C60-C57 114.9(4) F64-C60-C57 111.2(3) 
F64A-C60-C57 109.8(4) F66A-C60-C57 111.2(3) 
F65-F64-C60 65.8(8) F65-F64-F66A 113.8(10) 
C60-F64-F66A 55.9(4) F65A-F64A-C60 57.7(4) 
F65A-F64A-F65 100.4(5) C60-F64A-F65 51.1(3) 
F64-F65-C60 80.4(8) F64-F65-F64A 141.5(11) 
C60-F65-F64A 62.5(4) F66-F65A-F64A 121.9(6) 
F66-F65A-C60 59.5(4) F64A-F65A-C60 66.6(4) 
F66A-F66-F65A 141.7(7) F66A-F66-C60 78.7(5) 
F65A-F66-C60 67.4(5) F66-F66A-C60 55.3(4) 
F66-F66A-F64 99.3(6) C60-F66A-F64 49.9(3) 
C68-C67-C72 115.4(3) C68-C67-B38 123.2(2) 
C72-C67-B38 121.5(2) C67-C68-C69 122.1(3) 
C70-C69-C68 121.3(3) C70-C69-C73 120.1(3) 
C68-C69-C73 118.5(3) C69-C70-C71 117.8(3) 
C70-C71-C72 120.9(3) C70-C71-C74 118.7(3) 
C72-C71-C74 120.4(3) C71-C72-C67 122.4(3) 
F75-C73-F76 106.3(3) F75-C73-F77 106.4(3) 
F76-C73-F77 105.6(3) F75-C73-C69 113.4(3) 
F76-C73-C69 112.9(3) F77-C73-C69 111.6(3) 
F80-C74-F80A 127.6(6) F80-C74-F79 77.0(5) 
F80A-C74-F79 104.1(5) F80-C74-F78A 30.7(4) 
F80A-C74-F78A 106.6(6) F79-C74-F78A 104.1(6) 
F80-C74-F79A 107.1(5) F80A-C74-F79A 74.9(5) 
F79-C74-F79A 33.2(3) F78A-C74-F79A 127.7(5) 
F80-C74-F78 108.6(5) F80A-C74-F78 31.9(3) 
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F79-C74-F78 129.1(5) F78A-C74-F78 80.4(5) 
F79A-C74-F78 105.3(4) F80-C74-C71 113.9(5) 
F80A-C74-C71 113.2(4) F79-C74-C71 113.4(4) 
F78A-C74-C71 114.6(4) F79A-C74-C71 111.8(4) 
F78-C74-C71 109.8(3) F80A-F78-C74 69.8(8) 
F80A-F78-F78A 111.0(10) C74-F78-F78A 49.3(3) 
F80-F78A-C74 70.4(11) F80-F78A-F78 116.8(14) 
C74-F78A-F78 50.3(4) F79A-F79-C74 76.3(8) 
F79A-F79-F80 122.3(11) C74-F79-F80 50.9(4) 
F79-F79A-C74 70.5(8) F79-F79A-F80A 115.8(10) 
C74-F79A-F80A 51.3(4) F78A-F80-C74 79.0(13) 
F78A-F80-F79 124.3(16) C74-F80-F79 52.1(4) 
F78-F80A-C74 78.3(9) F78-F80A-F79A 129.0(11) 
C74-F80A-F79A 53.8(4) C82-C81-C86 115.4(3) 
C82-C81-B38 120.6(3) C86-C81-B38 123.7(3) 
C83-C82-C81 122.5(3) C84-C83-C82 120.9(3) 
C84-C83-C87 119.8(3) C82-C83-C87 119.3(3) 
C85-C84-C83 117.6(3) C84-C85-C86 121.2(3) 
C84-C85-C88 117.9(3) C86-C85-C88 120.7(3) 
C85-C86-C81 122.2(3) F89-C87-F90 106.8(2) 
F89-C87-F91 105.9(3) F90-C87-F91 106.1(2) 
F89-C87-C83 113.1(2) F90-C87-C83 112.6(3) 
F91-C87-C83 111.8(2) F94-C88-F92 106.5(3) 
F94-C88-F93 106.4(3) F92-C88-F93 106.2(3) 
F94-C88-C85 113.3(3) F92-C88-C85 111.9(3) 
F93-C88-C85 112.2(3) Cl2-C95-Cl1 112.6(2) 
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APPENDIX D 
 
Atomic coordinates and isotropic displacement parameters for 
[TtPhPtMe2(CH2CH=CH2)][BAr'4] 
 
U(eq) is defined as one third of the trace of the orthogonalized Uij tensor. 
x/a y/b z/c U(eq) 
Pt1 0.288502(12) 0.176429(13) 0.092643(7) 0.02262(6) 
P1 0.16320(6) 0.06243(6) 0.00233(4) 0.0179(2) 
C1 0.2751(2) 0.3025(2) 0.1108(2) 0.0333(11) 
C2 0.301(3) 0.152(2) 0.1747(17) 0.059(3) 
C3 0.407(3) 0.191(3) 0.0903(16) 0.045(2) 
C4 0.4606(7) 0.1706(9) 0.1376(5) 0.053(3) 
C5 0.5081(9) 0.2189(10) 0.1693(5) 0.062(3) 
Pt1A 0.288502(12) 0.176429(13) 0.092643(7) 0.02262(6) 
C2A 0.418(3) 0.201(3) 0.0872(16) 0.045(2) 
C3A 0.306(2) 0.155(2) 0.1669(17) 0.059(3) 
C4A 0.3858(9) 0.1828(11) 0.1933(5) 0.081(3) 
C5A 0.4086(11) 0.2512(11) 0.2205(7) 0.090(4) 
N6 0.2982(2) 0.0421(2) 0.07099(13) 0.0224(8) 
N7 0.3543(2) 0.9883(2) 0.08855(14) 0.0239(8) 
N8 0.3365(2) 0.9135(2) 0.06460(14) 0.0226(8) 
C9 0.3884(2) 0.8407(2) 0.0756(2) 0.0240(10) 
C10 0.4319(2) 0.8357(2) 0.1230(2) 0.0292(11) 
C11 0.4820(2) 0.7656(4) 0.1331(2) 0.0358(11) 
C12 0.4885(2) 0.7026(2) 0.0965(2) 0.0381(13) 
C13 0.4447(2) 0.7085(4) 0.0490(2) 0.0410(13) 
C14 0.3943(2) 0.7785(4) 0.0383(2) 0.0353(11) 
C15 0.2690(2) 0.9207(2) 0.03179(17) 0.0218(9) 
C16 0.2443(2) 0.0029(2) 0.03589(17) 0.0212(9) 
N17 0.1572(2) 0.1538(2) 0.09224(13) 0.0213(8) 
N18 0.1092(2) 0.1785(2) 0.12771(14) 0.0251(8) 
N19 0.0335(2) 0.1491(2) 0.11261(14) 0.0225(8) 
C20 0.9668(2) 0.1615(2) 0.14530(17) 0.0243(10) 
C21 0.9663(4) 0.2334(4) 0.1763(2) 0.0395(13) 
C22 0.9023(4) 0.2436(4) 0.2075(2) 0.0469(15) 
C23 0.8402(2) 0.1838(4) 0.2079(2) 0.0392(13) 
C24 0.8417(2) 0.1129(4) 0.1767(2) 0.0341(11) 
C25 0.9057(2) 0.1008(2) 0.14497(18) 0.0280(11) 
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x/a y/b z/c U(eq) 
C26 0.0330(2) 0.1057(2) 0.06759(17) 0.0207(9) 
C27 0.1123(2) 0.1086(2) 0.05454(17) 0.0204(9) 
N28 0.2673(2) 0.2000(2) 0.01053(13) 0.0199(8) 
N29 0.2992(2) 0.2620(2) 0.98514(13) 0.0218(8) 
N30 0.2686(2) 0.2539(2) 0.93581(14) 0.0233(8) 
C31 0.2899(2) 0.3151(4) 0.8977(2) 0.0327(11) 
C32 0.2997(2) 0.3992(4) 0.9122(2) 0.0415(14) 
C33 0.3197(2) 0.4570(5) 0.8743(4) 0.062(2) 
C34 0.3283(4) 0.4308(5) 0.8249(2) 0.077(3) 
C35 0.3183(5) 0.3475(7) 0.8117(2) 0.076(3) 
C36 0.2989(4) 0.2872(5) 0.8484(2) 0.0492(17) 
C37 0.2175(2) 0.1865(2) 0.92993(17) 0.0222(9) 
C38 0.2169(2) 0.1513(2) 0.97796(17) 0.0201(9) 
O39 0.11193(18) 0.0144(2) 0.96378(12) 0.0222(7) 
B40 0.2031(2) 0.5820(2) 0.1327(2) 0.0221(11) 
C41 0.2969(2) 0.5459(2) 0.14570(18) 0.0220(9) 
C42 0.3460(2) 0.5152(2) 0.10819(18) 0.0240(10) 
C43 0.4235(2) 0.4799(2) 0.1199(2) 0.0264(10) 
C44 0.4554(2) 0.4747(4) 0.1704(2) 0.0345(11) 
C45 0.4087(2) 0.5051(4) 0.2087(2) 0.0360(11) 
C46 0.3315(2) 0.5407(2) 0.19662(18) 0.0276(10) 
C47 0.4725(2) 0.4479(2) 0.0772(2) 0.0300(11) 
C48 0.4390(4) 0.4961(5) 0.2641(2) 0.061(2) 
F41 0.51287(18) 0.5109(2) 0.05472(12) 0.0367(7) 
F42 0.42531(18) 0.4105(2) 0.03961(12) 0.0385(7) 
F43 0.5301(2) 0.3912(2) 0.09339(12) 0.0431(8) 
F44 0.5173(2) 0.4945(4) 0.27235(16) 0.101(2) 
F45 0.4138(5) 0.4221(5) 0.2842(2) 0.153(3) 
F46 0.4107(2) 0.5536(4) 0.29439(14) 0.109(2) 
C51 0.1388(2) 0.5371(2) 0.17099(17) 0.0222(9) 
C52 0.1584(2) 0.4649(2) 0.20104(18) 0.0261(10) 
C53 0.1038(2) 0.4301(2) 0.2345(2) 0.0289(11) 
C54 0.0257(2) 0.4631(2) 0.2375(2) 0.0306(11) 
C55 0.0034(2) 0.5321(2) 0.2061(2) 0.0284(11) 
C56 0.0585(2) 0.5684(2) 0.17422(18) 0.0242(10) 
C57 0.1330(4) 0.3577(4) 0.2689(2) 0.0415(14) 
C58 0.9178(2) 0.5665(4) 0.2069(2) 0.0421(11) 
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x/a y/b z/c U(eq) 
F51 0.1723(2) 0.2977(2) 0.24533(12) 0.0504(9) 
F52 0.1843(2) 0.3860(2) 0.30792(14) 0.0715(13) 
F53 0.0714(2) 0.3191(2) 0.29125(18) 0.0764(14) 
F54 0.8890(4) 0.5621(5) 0.2530(2) 0.058(2) 
F55 0.8650(2) 0.5218(5) 0.1758(4) 0.059(2) 
F56 0.9096(2) 0.6453(5) 0.1905(4) 0.062(2) 
F54A 0.8634(2) 0.5049(5) 0.2093(4) 0.063(2) 
F55A 0.9065(4) 0.6145(7) 0.2477(4) 0.067(2) 
F56A 0.8953(4) 0.6134(7) 0.1668(4) 0.064(2) 
C61 0.1753(2) 0.5587(2) 0.07215(18) 0.0222(10) 
C62 0.1958(2) 0.6115(2) 0.03170(18) 0.0267(10) 
C63 0.1764(2) 0.5911(4) 0.9801(2) 0.0342(11) 
C64 0.1364(2) 0.5160(4) 0.9669(2) 0.0367(13) 
C65 0.1162(2) 0.4613(2) 0.0060(2) 0.0326(11) 
C66 0.1348(2) 0.4834(2) 0.0578(2) 0.0260(10) 
C67 0.2006(5) 0.6530(4) 0.9396(2) 0.0539(18) 
C68 0.0763(4) 0.3782(4) 0.9933(2) 0.0475(14) 
F61 0.1735(4) 0.7316(2) 0.94856(16) 0.0915(17) 
F62 0.1723(2) 0.6319(2) 0.89222(12) 0.0754(13) 
F63 0.2822(2) 0.6600(2) 0.93871(16) 0.0800(14) 
F64 0.0752(7) 0.3600(5) 0.9401(4) 0.084(2) 
F65 0.1198(5) 0.3117(4) 0.0112(4) 0.055(2) 
F66 0.0048(5) 0.3723(4) 0.0000(5) 0.071(2) 
F64A 0.1248(5) 0.3193(4) 0.9836(4) 0.064(2) 
F65A 0.0277(5) 0.3483(4) 0.0345(2) 0.0547(18) 
F66A 0.0186(5) 0.3818(4) 0.9558(4) 0.0532(18) 
C71 0.1979(2) 0.6859(2) 0.14143(17) 0.0222(9) 
C72 0.1334(2) 0.7337(2) 0.11767(17) 0.0217(9) 
C73 0.1217(2) 0.8195(2) 0.12882(18) 0.0241(10) 
C74 0.1749(2) 0.8621(2) 0.16403(18) 0.0255(10) 
C75 0.2406(2) 0.8164(2) 0.18703(18) 0.0256(10) 
C76 0.2525(2) 0.7316(2) 0.17561(17) 0.0221(9) 
C77 0.0512(2) 0.8664(2) 0.1016(2) 0.0274(10) 
C78 0.2962(2) 0.8607(2) 0.2275(2) 0.0320(11) 
F71 0.98450(17) 0.8183(2) 0.09281(12) 0.0405(8) 
F72 0.07025(18) 0.8954(2) 0.05491(11) 0.0350(7) 
F73 0.0288(2) 0.9353(2) 0.12767(12) 0.0403(7) 
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x/a y/b z/c U(eq) 
F74 0.3178(2) 0.9388(2) 0.21227(12) 0.0419(8) 
F75 0.2598(2) 0.8717(2) 0.27144(12) 0.0507(9) 
F76 0.3657(2) 0.8185(2) 0.23942(12) 0.0459(8) 
C81 0.4242(5) 0.9957(7) 0.9200(2) 0.085(3) 
Cl1 0.42119(10) 0.07657(12) 0.96716(6) 0.0559(4) 
Cl2 0.33127(16) 0.9441(2) 0.90903(8) 0.1083(10) 
 
BOND LENGTHS (Å) 
 
Pt1-C3 1.95(4) Pt1-C1 2.049(5) 
Pt1-C2 2.16(4) Pt1-N28 2.166(4) 
Pt1-N17 2.171(4) Pt1-N6 2.189(4) 
P1-O39 1.466(3) P1-C38 1.785(5) 
P1-C27 1.791(4) P1-C16 1.793(5) 
C3-C4 1.49(4) C4-C5 1.327(15) 
C3A-C4A 1.49(4) C4A-C5A 1.321(15) 
N6-N7 1.304(5) N6-C16 1.367(6) 
N7-N8 1.349(6) N8-C15 1.349(6) 
N8-C9 1.438(6) C9-C10 1.378(7) 
C9-C14 1.384(7) C10-C11 1.384(7) 
C11-C12 1.379(8) C12-C13 1.383(8) 
C13-C14 1.388(8) C15-C16 1.358(7) 
N17-N18 1.308(5) N17-C27 1.376(6) 
N18-N19 1.350(5) N19-C26 1.351(6) 
N19-C20 1.440(6) C20-C25 1.377(7) 
C20-C21 1.386(7) C21-C22 1.377(8) 
C22-C23 1.381(9) C23-C24 1.377(8) 
C24-C25 1.388(7) C26-C27 1.360(6) 
N28-N29 1.304(5) N28-C38 1.370(6) 
N29-N30 1.346(5) N30-C37 1.349(6) 
N30-C31 1.438(6) C31-C36 1.370(8) 
C31-C32 1.379(8) C32-C33 1.394(9) 
C33-C34 1.363(13) C34-C35 1.358(13) 
C35-C36 1.392(9) C37-C38 1.364(6) 
B40-C41 1.644(7) B40-C61 1.646(7) 
B40-C71 1.648(7) B40-C51 1.652(7) 
C41-C42 1.390(7) C41-C46 1.402(7) 
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C42-C43 1.394(7) C43-C44 1.377(7) 
C43-C47 1.498(7) C44-C45 1.381(8) 
C45-C46 1.393(7) C45-C48 1.492(8) 
C47-F42 1.334(6) C47-F43 1.340(6) 
C47-F41 1.344(6) C48-F44 1.281(8) 
C48-F46 1.303(9) C48-F45 1.349(11) 
C51-C52 1.399(7) C51-C56 1.407(7) 
C52-C53 1.398(7) C53-C54 1.382(7) 
C53-C57 1.502(7) C54-C55 1.388(7) 
C55-C56 1.385(7) C55-C58 1.500(7) 
C57-F51 1.314(7) C57-F53 1.340(7) 
C57-F52 1.341(7) C58-F56A 1.304(11) 
C58-F56 1.310(11) C58-F54 1.317(10) 
C58-F54A 1.317(10) C58-F55A 1.321(10) 
C58-F55 1.336(10) F54-F55A 0.884(11) 
F54-F54A 1.482(14) F55-F54A 0.910(11) 
F55-F56A 1.543(15) F56-F56A 0.814(11) 
F56-F55A 1.564(15) C61-C66 1.391(7) 
C61-C62 1.396(7) C62-C63 1.391(7) 
C63-C64 1.379(8) C63-C67 1.502(8) 
C64-C65 1.386(8) C65-C66 1.399(7) 
C65-C68 1.484(8) C67-F62 1.325(7) 
C67-F61 1.336(8) C67-F63 1.338(9) 
C68-F66 1.194(10) C68-F64A 1.252(11) 
C68-F66A 1.306(9) C68-F65 1.327(10) 
C68-F64 1.408(12) C68-F65A 1.454(11) 
F64-F66A 1.091(12) F64-F64A 1.486(15) 
F65-F64A 0.735(13) F65-F65A 1.756(14) 
F66-F65A 1.019(13) F66-F66A 1.193(14) 
C71-C72 1.399(6) C71-C76 1.408(6) 
C72-C73 1.393(7) C73-C74 1.387(7) 
C73-C77 1.499(7) C74-C75 1.388(7) 
C75-C76 1.379(7) C75-C78 1.508(7) 
C77-F71 1.331(6) C77-F73 1.340(6) 
C77-F72 1.349(6) C78-F76 1.332(6) 
C78-F75 1.333(6) C78-F74 1.342(6) 
C81-Cl2 1.724(8) C81-Cl1 1.765(8) 
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BOND ANGLES (°) 
 
C3-Pt1-C1 91.1(13) C3-Pt1-C2 91.5(4) 
C1-Pt1-C2 87.1(10) C3-Pt1-N28 92.3(12) 
C1-Pt1-N28 92.8(2) C2-Pt1-N28 176.2(11) 
C3-Pt1-N17 176.5(13) C1-Pt1-N17 92.15(18) 
C2-Pt1-N17 90.0(11) N28-Pt1-N17 86.23(14) 
C3-Pt1-N6 90.7(13) C1-Pt1-N6 177.57(18) 
C2-Pt1-N6 94.5(10) N28-Pt1-N6 85.50(14) 
N17-Pt1-N6 86.02(14) O39-P1-C38 115.5(2) 
O39-P1-C27 116.8(2) C38-P1-C27 102.6(2) 
O39-P1-C16 115.4(2) C38-P1-C16 102.4(2) 
C27-P1-C16 102.1(2) C4-C3-Pt1 118.(3) 
C5-C4-C3 132.(2) C5A-C4A-C3A 133.3(18) 
N7-N6-C16 110.1(4) N7-N6-Pt1 126.6(3) 
C16-N6-Pt1 123.3(3) N6-N7-N8 106.3(4) 
N7-N8-C15 111.0(4) N7-N8-C9 119.7(4) 
C15-N8-C9 129.4(4) C10-C9-C14 121.8(5) 
C10-C9-N8 118.8(4) C14-C9-N8 119.4(4) 
C9-C10-C11 118.3(5) C12-C11-C10 120.9(5) 
C11-C12-C13 120.3(5) C12-C13-C14 119.6(5) 
C9-C14-C13 119.1(5) N8-C15-C16 105.3(4) 
C15-C16-N6 107.4(4) C15-C16-P1 132.0(4) 
N6-C16-P1 120.5(3) N18-N17-C27 109.8(4) 
N18-N17-Pt1 125.9(3) C27-N17-Pt1 124.3(3) 
N17-N18-N19 105.9(3) N18-N19-C26 111.9(4) 
N18-N19-C20 119.8(4) C26-N19-C20 128.2(4) 
C25-C20-C21 122.1(5) C25-C20-N19 118.7(4) 
C21-C20-N19 119.2(4) C22-C21-C20 118.2(5) 
C21-C22-C23 120.8(5) C24-C23-C22 120.1(5) 
C23-C24-C25 120.3(5) C20-C25-C24 118.5(5) 
N19-C26-C27 104.6(4) C26-C27-N17 107.9(4) 
C26-C27-P1 132.5(4) N17-C27-P1 119.6(3) 
N29-N28-C38 110.4(4) N29-N28-Pt1 125.6(3) 
C38-N28-Pt1 123.9(3) N28-N29-N30 106.0(3) 
N29-N30-C37 111.5(4) N29-N30-C31 120.0(4) 
C37-N30-C31 128.5(4) C36-C31-C32 122.9(5) 
C36-C31-N30 118.5(5) C32-C31-N30 118.6(5) 
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C31-C32-C33 117.3(7) C34-C33-C32 120.8(7) 
C35-C34-C33 120.6(6) C34-C35-C36 120.7(8) 
C31-C36-C35 117.7(7) N30-C37-C38 105.0(4) 
C37-C38-N28 107.1(4) C37-C38-P1 132.5(4) 
N28-C38-P1 120.4(3) C41-B40-C61 107.9(4) 
C41-B40-C71 111.7(4) C61-B40-C71 109.7(4) 
C41-B40-C51 110.6(4) C61-B40-C51 109.6(4) 
C71-B40-C51 107.3(4) C42-C41-C46 115.2(4) 
C42-C41-B40 123.4(4) C46-C41-B40 121.3(4) 
C41-C42-C43 123.0(4) C44-C43-C42 120.5(5) 
C44-C43-C47 119.8(4) C42-C43-C47 119.7(4) 
C43-C44-C45 118.3(5) C44-C45-C46 120.8(5) 
C44-C45-C48 119.9(5) C46-C45-C48 119.2(5) 
C45-C46-C41 122.2(5) F42-C47-F43 107.0(4) 
F42-C47-F41 106.3(4) F43-C47-F41 105.6(4) 
F42-C47-C43 112.2(4) F43-C47-C43 112.9(4) 
F41-C47-C43 112.3(4) F44-C48-F46 107.8(7) 
F44-C48-F45 104.3(7) F46-C48-F45 103.3(7) 
F44-C48-C45 115.0(6) F46-C48-C45 114.0(6) 
F45-C48-C45 111.4(7) C52-C51-C56 115.2(4) 
C52-C51-B40 123.4(4) C56-C51-B40 121.4(4) 
C53-C52-C51 122.1(5) C54-C53-C52 121.2(5) 
C54-C53-C57 120.4(5) C52-C53-C57 118.3(5) 
C53-C54-C55 117.6(5) C56-C55-C54 121.1(5) 
C56-C55-C58 120.3(5) C54-C55-C58 118.5(5) 
C55-C56-C51 122.6(5) F51-C57-F53 106.5(5) 
F51-C57-F52 106.9(5) F53-C57-F52 105.7(5) 
F51-C57-C53 114.2(5) F53-C57-C53 112.4(5) 
F52-C57-C53 110.7(5) F56A-C58-F56 36.3(5) 
F56A-C58-F54 131.0(6) F56-C58-F54 108.1(7) 
F56A-C58-F54A 107.4(8) F56-C58-F54A 130.9(6) 
F54-C58-F54A 68.5(7) F56A-C58-F55A 105.7(8) 
F56-C58-F55A 72.9(7) F54-C58-F55A 39.2(5) 
F54A-C58-F55A 104.3(7) F56A-C58-F55 71.5(7) 
F56-C58-F55 104.7(7) F54-C58-F55 105.3(7) 
F54A-C58-F55 40.1(5) F55A-C58-F55 131.4(6) 
F56A-C58-C55 113.6(5) F56-C58-C55 114.0(5) 
F54-C58-C55 112.7(5) F54A-C58-C55 111.6(5) 
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F55A-C58-C55 113.5(5) F55-C58-C55 111.3(5) 
F55A-F54-C58 70.7(9) F55A-F54-F54A 121.4(12) 
C58-F54-F54A 55.8(6) F54A-F55-C58 68.8(8) 
F54A-F55-F56A 116.5(11) C58-F55-F56A 53.3(5) 
F56A-F56-C58 71.4(10) F56A-F56-F55A 119.9(14) 
C58-F56-F55A 53.8(6) F55-F54A-C58 71.1(8) 
F55-F54A-F54 121.8(11) C58-F54A-F54 55.8(5) 
F54-F55A-C58 70.1(9) F54-F55A-F56 117.9(12) 
C58-F55A-F56 53.2(6) F56-F56A-C58 72.3(10) 
F56-F56A-F55 122.5(14) C58-F56A-F55 55.2(6) 
C66-C61-C62 115.9(4) C66-C61-B40 122.6(4) 
C62-C61-B40 121.4(4) C63-C62-C61 122.5(5) 
C64-C63-C62 120.4(5) C64-C63-C67 121.5(5) 
C62-C63-C67 118.1(5) C63-C64-C65 118.7(5) 
C64-C65-C66 120.2(5) C64-C65-C68 120.2(5) 
C66-C65-C68 119.6(5) C61-C66-C65 122.3(5) 
F62-C67-F61 107.1(6) F62-C67-F63 106.6(6) 
F61-C67-F63 105.6(6) F62-C67-C63 113.3(6) 
F61-C67-C63 111.6(5) F63-C67-C63 112.2(5) 
F66-C68-F64A 127.6(7) F66-C68-F66A 56.8(7) 
F64A-C68-F66A 108.4(7) F66-C68-F65 113.1(9) 
F64A-C68-F65 32.9(6) F66A-C68-F65 129.4(6) 
F66-C68-F64 100.6(8) F64A-C68-F64 67.6(8) 
F66A-C68-F64 47.2(6) F65-C68-F64 98.8(7) 
F66-C68-F65A 43.9(7) F64A-C68-F65A 107.1(8) 
F66A-C68-F65A 99.3(7) F65-C68-F65A 78.1(7) 
F64-C68-F65A 133.4(6) F66-C68-C65 116.9(5) 
F64A-C68-C65 114.7(6) F66A-C68-C65 114.2(6) 
F65-C68-C65 113.4(5) F64-C68-C65 111.8(6) 
F65A-C68-C65 111.9(5) F66A-F64-C68 61.5(7) 
F66A-F64-F64A 106.3(10) C68-F64-F64A 51.2(6) 
F64A-F65-C68 67.9(12) F64A-F65-F65A 116.0(16) 
C68-F65-F65A 54.1(6) F65A-F66-F66A 144.1(11) 
F65A-F66-C68 81.7(8) F66A-F66-C68 66.3(7) 
F65-F64A-C68 79.2(14) F65-F64A-F64 136.(2) 
C68-F64A-F64 61.2(7) F66-F65A-C68 54.4(6) 
F66-F65A-F65 95.0(9) C68-F65A-F65 47.7(4) 
F64-F66A-F66 122.8(9) F64-F66A-C68 71.3(7) 
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F66-F66A-C68 56.9(6) C72-C71-C76 115.3(4) 
C72-C71-B40 120.9(4) C76-C71-B40 123.6(4) 
C73-C72-C71 122.5(4) C74-C73-C72 120.9(4) 
C74-C73-C77 119.9(4) C72-C73-C77 119.2(4) 
C73-C74-C75 117.6(4) C76-C75-C74 121.5(4) 
C76-C75-C78 120.5(5) C74-C75-C78 118.0(5) 
C75-C76-C71 122.2(4) F71-C77-F73 107.1(4) 
F71-C77-F72 106.0(4) F73-C77-F72 105.7(4) 
F71-C77-C73 113.1(4) F73-C77-C73 112.6(4) 
F72-C77-C73 111.8(4) F76-C78-F75 106.8(4) 
F76-C78-F74 106.5(4) F75-C78-F74 106.0(4) 
F76-C78-C75 113.2(4) F75-C78-C75 111.8(4) 
F74-C78-C75 112.0(4) Cl2-C81-Cl1 112.6(4) 
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APPENDIX E 
 
Atomic coordinates and isotropic displacement parameters for [TtPhPtMe2H][BAr'4] 
 
U(eq) is defined as one third of the trace of the orthogonalized Uij tensor. 
x/a y/b z/c U(eq) 
Pt1 0.709446(9) 0.174445(10) 0.906783(6) 0.02670(6) 
P1 0.83501(5) 0.06062(6) 0.99768(3) 0.02154(18) 
C1 0.5820(5) 0.1912(5) 0.9035(2) 0.035(2) 
C2 0.7234(2) 0.3010(2) 0.8859(2) 0.0283(14) 
C3 0.6888(4) 0.1517(4) 0.8308(2) 0.0251(15) 
O4 0.88633(14) 0.01283(17) 0.03667(9) 0.0248(5) 
N5 0.73051(18) 0.1995(2) 0.98948(12) 0.0250(7) 
N6 0.6980(2) 0.2617(2) 0.01539(12) 0.0282(7) 
N7 0.72832(18) 0.2528(2) 0.06523(12) 0.0284(7) 
C8 0.7062(2) 0.3123(2) 0.10458(17) 0.0321(9) 
C9 0.6968(2) 0.3981(2) 0.0917(2) 0.0385(10) 
C10 0.6771(2) 0.4553(2) 0.1306(2) 0.0483(13) 
C11 0.6677(2) 0.4261(4) 0.1800(2) 0.0536(15) 
C12 0.6768(2) 0.3403(4) 0.1922(2) 0.0534(14) 
C13 0.6960(2) 0.2822(2) 0.15365(17) 0.0404(10) 
C14 0.7793(2) 0.1845(2) 0.07062(14) 0.0275(8) 
C15 0.7806(2) 0.1505(2) 0.02197(13) 0.0238(7) 
N16 0.69940(18) 0.0399(2) 0.92936(12) 0.0255(7) 
N17 0.64334(18) 0.9851(2) 0.91204(12) 0.0265(7) 
N18 0.66201(18) 0.9097(2) 0.93576(12) 0.0260(7) 
C19 0.6110(2) 0.8360(2) 0.92452(14) 0.0254(8) 
C20 0.5685(2) 0.8308(2) 0.87635(16) 0.0315(9) 
C21 0.5198(2) 0.7591(2) 0.86536(18) 0.0370(10) 
C22 0.5143(2) 0.6947(2) 0.9018(2) 0.0389(10) 
C23 0.5569(2) 0.7010(2) 0.9500(2) 0.0394(10) 
C24 0.6060(2) 0.7721(2) 0.96152(17) 0.0334(9) 
C25 0.7298(2) 0.9164(2) 0.96820(13) 0.0246(8) 
C26 0.7538(2) 0.0001(2) 0.96447(13) 0.0236(7) 
N27 0.84128(18) 0.1515(2) 0.90661(12) 0.0246(7) 
N28 0.8895(2) 0.1765(2) 0.87081(12) 0.0272(7) 
N29 0.96559(18) 0.1478(2) 0.88599(12) 0.0241(5) 
C30 0.0334(2) 0.1616(2) 0.85319(13) 0.0262(8) 
C31 0.0322(2) 0.2321(2) 0.82059(18) 0.0412(11) 
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x/a y/b z/c U(eq) 
C32 0.0975(2) 0.2437(2) 0.7899(2) 0.0486(11) 
C33 0.1619(2) 0.1861(2) 0.79102(17) 0.0404(10) 
C34 0.1619(2) 0.1156(2) 0.82363(16) 0.0341(9) 
C35 0.0970(2) 0.1028(2) 0.85511(14) 0.0297(8) 
C36 0.9662(2) 0.1052(2) 0.93149(12) 0.0232(7) 
C37 0.8861(2) 0.1069(2) 0.94474(13) 0.0226(7) 
B40 0.7947(2) 0.5832(2) 0.86876(16) 0.0236(8) 
C41 0.7008(2) 0.5468(2) 0.85515(13) 0.0241(8) 
C42 0.6666(2) 0.5464(2) 0.80356(14) 0.0306(9) 
C43 0.5889(2) 0.5115(2) 0.79061(16) 0.0366(10) 
C44 0.5429(2) 0.4743(2) 0.82832(16) 0.0358(10) 
C45 0.5753(2) 0.4740(2) 0.87916(16) 0.0297(8) 
C46 0.6520(2) 0.5105(2) 0.89209(13) 0.0257(8) 
C47 0.5583(2) 0.5107(5) 0.7344(2) 0.0636(18) 
C48 0.5267(2) 0.4359(2) 0.92097(17) 0.0348(9) 
F49 0.5616(15) 0.5851(11) 0.7121(7) 0.153(11) 
F50 0.6039(10) 0.4613(17) 0.7055(5) 0.122(10) 
F51 0.4840(11) 0.4864(14) 0.7267(7) 0.085(7) 
F49A 0.5906(9) 0.5632(15) 0.7061(4) 0.109(9) 
F50A 0.562(2) 0.4323(15) 0.7141(7) 0.175(11) 
F51A 0.4802(13) 0.528(2) 0.7284(8) 0.159(12) 
F52 0.47299(17) 0.3765(2) 0.90286(11) 0.0548(7) 
F53 0.48059(16) 0.49519(18) 0.94414(10) 0.0457(5) 
F54 0.57395(14) 0.4005(2) 0.95906(11) 0.0488(7) 
C55 0.8599(2) 0.5380(2) 0.82994(13) 0.0240(8) 
C56 0.9404(2) 0.5683(2) 0.82678(13) 0.0257(8) 
C57 0.9959(2) 0.5325(2) 0.79408(14) 0.0281(8) 
C58 0.9731(2) 0.4635(2) 0.76216(14) 0.0308(8) 
C59 0.8947(2) 0.4312(2) 0.76514(14) 0.0316(9) 
C60 0.8399(2) 0.4663(2) 0.79920(13) 0.0257(8) 
C61 0.0821(2) 0.5663(2) 0.79301(17) 0.0356(10) 
C62 0.8654(2) 0.3595(2) 0.73008(17) 0.0426(11) 
F63 0.0902(11) 0.6441(9) 0.8090(8) 0.084(7) 
F64 0.1324(7) 0.5197(9) 0.8231(2) 0.052(3) 
F65 0.1104(8) 0.5586(7) 0.7456(5) 0.055(3) 
F63A 0.1021(11) 0.6242(11) 0.8265(9) 0.105(8) 
F64A 0.1389(9) 0.5056(10) 0.7999(5) 0.111(6) 
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x/a y/b z/c U(eq) 
F65A 0.0993(9) 0.6017(10) 0.7488(5) 0.096(6) 
F66 0.9264(2) 0.3198(2) 0.70733(12) 0.0686(10) 
F67 0.8147(2) 0.3891(2) 0.69063(11) 0.0687(10) 
F68 0.82346(18) 0.29932(17) 0.75381(10) 0.0489(7) 
C69 0.8216(2) 0.5588(2) 0.92958(13) 0.0240(8) 
C70 0.8003(2) 0.6125(2) 0.97045(13) 0.0270(8) 
C71 0.8193(2) 0.5922(2) 0.02270(14) 0.0307(9) 
C72 0.8595(2) 0.5164(2) 0.03606(14) 0.0346(9) 
C73 0.8797(2) 0.4611(2) 0.99624(16) 0.0307(9) 
C74 0.8619(2) 0.4829(2) 0.94424(14) 0.0264(8) 
C75 0.7946(2) 0.6543(2) 0.06327(17) 0.0481(11) 
C76 0.9209(2) 0.3777(2) 0.0098(2) 0.0412(11) 
F77 0.8188(2) 0.7344(2) 0.05349(12) 0.0788(11) 
F78 0.7124(2) 0.6593(2) 0.06531(12) 0.0699(10) 
F79 0.8238(2) 0.6343(2) 0.11082(10) 0.0712(10) 
F80 0.9956(2) 0.3761(4) 0.0072(5) 0.068(3) 
F81 0.8854(8) 0.3150(5) 0.9838(4) 0.071(4) 
F82 0.9061(7) 0.3539(5) 0.0606(2) 0.074(2) 
F80A 0.9731(7) 0.3506(7) 0.9693(4) 0.092(3) 
F81A 0.8767(5) 0.3130(8) 0.0113(7) 0.111(7) 
F82A 0.9759(8) 0.3800(5) 0.0482(5) 0.091(3) 
C83 0.8010(2) 0.6878(2) 0.86029(13) 0.0234(8) 
C84 0.8672(2) 0.7347(2) 0.88385(12) 0.0235(7) 
C85 0.8808(2) 0.8210(2) 0.87279(13) 0.0256(8) 
C86 0.8284(2) 0.8647(2) 0.83750(14) 0.0286(8) 
C87 0.7614(2) 0.8204(2) 0.81453(14) 0.0282(8) 
C88 0.7478(2) 0.7350(2) 0.82653(12) 0.0242(8) 
C89 0.9519(2) 0.8659(2) 0.89989(14) 0.0292(8) 
C90 0.7072(2) 0.8667(2) 0.77444(16) 0.0359(10) 
F91 0.01827(13) 0.81582(16) 0.90863(11) 0.0404(5) 
F92 0.97696(16) 0.93439(16) 0.87304(9) 0.0402(5) 
F93 0.93351(13) 0.89638(16) 0.94696(9) 0.0366(5) 
F94 0.74610(18) 0.8815(2) 0.73091(10) 0.0535(8) 
F95 0.68321(16) 0.94388(17) 0.79129(10) 0.0460(5) 
F96 0.63867(17) 0.82369(18) 0.75997(10) 0.0490(7) 
C97 0.5684(4) 0.5103(8) 0.5766(2) 0.135(5) 
Cl1 0.57745(9) 0.42625(17) 0.53469(6) 0.0964(7) 
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x/a y/b z/c U(eq) 
Cl2 0.65810(16) 0.5708(2) 0.59022(6) 0.191(2) 
 
BOND LENGTHS (Å) 
Pt1-C3 1.994(5) Pt1-C2 2.059(5) 
Pt1-C1 2.084(8) Pt1-N5 2.169(3) 
Pt1-N27 2.172(3) Pt1-N16 2.182(3) 
Pt1-H1D 1.499(5) Pt1-H1E 1.500(5) 
Pt1-H1F 1.501(5) P1-O4 1.467(3) 
P1-C15 1.787(4) P1-C37 1.789(4) 
P1-C26 1.795(4) C1-H1E 0.60(3) 
C1-H1A 0.98 C1-H1B 0.98 
C1-H1C 0.98 C2-H1F 0.573(18) 
C2-H2A 0.98 C2-H2B 0.98 
C2-H2C 0.98 C3-H1D 0.50(2) 
C3-H3A 0.98 C3-H3B 0.98 
C3-H3C 0.98 N5-N6 1.305(4) 
N5-C15 1.365(5) N6-N7 1.352(4) 
N7-C14 1.350(5) N7-C8 1.434(5) 
C8-C13 1.366(6) C8-C9 1.381(6) 
C9-C10 1.390(6) C9-H9 0.95 
C10-C11 1.367(8) C10-H10 0.95 
C11-C12 1.377(8) C11-H11 0.95 
C12-C13 1.391(7) C12-H12 0.95 
C13-H13 0.95 C14-C15 1.360(5) 
C14-H14 0.95 N16-N17 1.306(4) 
N16-C26 1.373(5) N17-N18 1.349(4) 
N18-C25 1.345(5) N18-C19 1.435(5) 
C19-C24 1.383(6) C19-C20 1.384(6) 
C20-C21 1.387(6) C20-H20 0.95 
C21-C22 1.379(6) C21-H21 0.95 
C22-C23 1.386(7) C22-H22 0.95 
C23-C24 1.385(6) C23-H23 0.95 
C24-H24 0.95 C25-C26 1.365(5) 
C25-H25 0.95 N27-N28 1.304(4) 
N27-C37 1.374(5) N28-N29 1.349(4) 
N29-C36 1.345(5) N29-C30 1.444(5) 
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C30-C35 1.379(6) C30-C31 1.381(6) 
C31-C32 1.374(6) C31-H31 0.95 
C32-C33 1.377(7) C32-H32 0.95 
C33-C34 1.381(6) C33-H33 0.95 
C34-C35 1.383(6) C34-H34 0.95 
C35-H35 0.95 C36-C37 1.366(5) 
C36-H36 0.95 B40-C69 1.643(5) 
B40-C41 1.645(5) B40-C83 1.648(6) 
B40-C55 1.655(5) C41-C46 1.394(5) 
C41-C42 1.407(5) C42-C43 1.396(5) 
C42-H42 0.95 C43-C44 1.387(6) 
C43-C47 1.501(6) C44-C45 1.380(6) 
C44-H44 0.95 C45-C46 1.392(5) 
C45-C48 1.494(6) C46-H46 0.95 
C47-F49A 1.231(14) C47-F51 1.270(16) 
C47-F49 1.294(16) C47-F51A 1.30(2) 
C47-F50 1.327(17) C47-F50A 1.33(2) 
C48-F54 1.327(5) C48-F52 1.337(5) 
C48-F53 1.350(5) F49-F49A 0.61(3) 
F49-F51A 1.67(3) F50-F50A 0.86(3) 
F50-F49A 1.60(3) F51-F51A 0.65(5) 
F51-F50A 1.57(4) C55-C60 1.396(5) 
C55-C56 1.399(5) C56-C57 1.387(5) 
C56-H56 0.95 C57-C58 1.388(6) 
C57-C61 1.498(5) C58-C59 1.376(6) 
C58-H58 0.95 C59-C60 1.398(6) 
C59-C62 1.495(6) C60-H60 0.95 
C61-F63A 1.27(2) C61-F63 1.283(15) 
C61-F65A 1.309(15) C61-F64 1.312(11) 
C61-F64A 1.327(15) C61-F65 1.336(14) 
C62-F68 1.328(5) C62-F66 1.333(6) 
C62-F67 1.349(6) F63-F63A 0.57(4) 
F63-F65A 1.70(3) F64-F64A 0.65(2) 
F64-F63A 1.70(2) F65-F65A 0.701(17) 
F65-F64A 1.66(2) C69-C74 1.392(5) 
C69-C70 1.403(5) C70-C71 1.397(5) 
C70-H70 0.95 C71-C72 1.382(6) 
C71-C75 1.495(6) C72-C73 1.392(6) 
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C72-H72 0.95 C73-C74 1.393(5) 
C73-C76 1.493(6) C74-H74 0.95 
C75-F79 1.322(5) C75-F77 1.336(6) 
C75-F78 1.343(6) C76-F80 1.220(7) 
C76-F81A 1.238(11) C76-F82A 1.292(8) 
C76-F81 1.298(10) C76-F82 1.393(8) 
C76-F80A 1.446(10) F80-F80A 1.095(12) 
F80-F82A 1.122(12) F81-F81A 0.73(2) 
F81-F80A 1.595(17) F82-F82A 1.264(13) 
F82-F81A 1.472(17) C83-C88 1.396(5) 
C83-C84 1.407(5) C84-C85 1.394(5) 
C84-H84 0.95 C85-C86 1.385(5) 
C85-C89 1.487(5) C86-C87 1.389(6) 
C86-H86 0.95 C87-C88 1.387(6) 
C87-C90 1.499(5) C88-H88 0.95 
C89-F91 1.339(5) C89-F92 1.346(5) 
C89-F93 1.350(5) C90-F96 1.333(5) 
C90-F94 1.339(5) C90-F95 1.344(5) 
C97-Cl1 1.707(11) C97-Cl2 1.753(7) 
C97-H97A 0.99 C97-H97B 0.99 
 
BOND ANGLES (°) 
C3-Pt1-C2 85.9(3) C3-Pt1-C1 82.8(3) 
C2-Pt1-C1 89.7(3) C3-Pt1-N5 179.4(2) 
C2-Pt1-N5 94.1(2) C1-Pt1-N5 96.6(3) 
C3-Pt1-N27 94.4(2) C2-Pt1-N27 91.85(18) 
C1-Pt1-N27 176.7(3) N5-Pt1-N27 86.25(11) 
C3-Pt1-N16 94.5(2) C2-Pt1-N16 177.96(17) 
C1-Pt1-N16 92.3(2) N5-Pt1-N16 85.50(12) 
N27-Pt1-N16 86.14(11) C3-Pt1-H1D 3.(4) 
C2-Pt1-H1D 89.(4) C1-Pt1-H1D 84.(4) 
N5-Pt1-H1D 177.(4) N27-Pt1-H1D 93.(4) 
N16-Pt1-H1D 92.(4) C3-Pt1-H1E 85.(4) 
C2-Pt1-H1E 86.(4) C1-Pt1-H1E 4.(4) 
N5-Pt1-H1E 95.(4) N27-Pt1-H1E 178.(4) 
N16-Pt1-H1E 96.(4) H1D-Pt1-H1E 86.(5) 
C3-Pt1-H1F 82.(2) C2-Pt1-H1F 4.(2) 
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C1-Pt1-H1F 88.(2) N5-Pt1-H1F 98.(2) 
N27-Pt1-H1F 93.(2) N16-Pt1-H1F 176.(2) 
H1D-Pt1-H1F 85.(4) H1E-Pt1-H1F 85.(4) 
O4-P1-C15 115.50(16) O4-P1-C37 116.97(16) 
C15-P1-C37 102.30(17) O4-P1-C26 115.45(16) 
C15-P1-C26 102.27(17) C37-P1-C26 102.19(17) 
Pt1-C1-H1E 10.(9) Pt1-C1-H1A 109.5 
H1E-C1-H1A 103.6 Pt1-C1-H1B 109.5 
H1E-C1-H1B 104.9 H1A-C1-H1B 109.5 
Pt1-C1-H1C 109.5 H1E-C1-H1C 119.5 
H1A-C1-H1C 109.5 H1B-C1-H1C 109.5 
Pt1-C2-H1F 11.(6) Pt1-C2-H2A 109.5 
H1F-C2-H2A 109.1 Pt1-C2-H2B 109.5 
H1F-C2-H2B 119.0 H2A-C2-H2B 109.5 
Pt1-C2-H2C 109.5 H1F-C2-H2C 99.7 
H2A-C2-H2C 109.5 H2B-C2-H2C 109.5 
Pt1-C3-H1D 9.(10) Pt1-C3-H3A 109.5 
H1D-C3-H3A 118.1 Pt1-C3-H3B 109.5 
H1D-C3-H3B 102.1 H3A-C3-H3B 109.5 
Pt1-C3-H3C 109.5 H1D-C3-H3C 107.8 
H3A-C3-H3C 109.5 H3B-C3-H3C 109.5 
N6-N5-C15 110.3(3) N6-N5-Pt1 126.1(2) 
C15-N5-Pt1 123.5(2) N5-N6-N7 105.8(3) 
C14-N7-N6 111.3(3) C14-N7-C8 128.0(3) 
N6-N7-C8 120.7(3) C13-C8-C9 122.3(4) 
C13-C8-N7 118.7(4) C9-C8-N7 119.0(4) 
C8-C9-C10 118.3(5) C8-C9-H9 120.9 
C10-C9-H9 120.9 C11-C10-C9 119.9(5) 
C11-C10-H10 120.0 C9-C10-H10 120.0 
C10-C11-C12 121.1(5) C10-C11-H11 119.4 
C12-C11-H11 119.4 C11-C12-C13 119.6(5) 
C11-C12-H12 120.2 C13-C12-H12 120.2 
C8-C13-C12 118.7(5) C8-C13-H13 120.6 
C12-C13-H13 120.6 N7-C14-C15 104.9(3) 
N7-C14-H14 127.6 C15-C14-H14 127.6 
C14-C15-N5 107.6(3) C14-C15-P1 131.5(3) 
N5-C15-P1 120.9(3) N17-N16-C26 109.7(3) 
N17-N16-Pt1 126.7(2) C26-N16-Pt1 123.6(2) 
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N16-N17-N18 106.3(3) C25-N18-N17 111.5(3) 
C25-N18-C19 128.9(3) N17-N18-C19 119.6(3) 
C24-C19-C20 121.8(4) C24-C19-N18 119.7(3) 
C20-C19-N18 118.6(3) C19-C20-C21 118.5(4) 
C19-C20-H20 120.8 C21-C20-H20 120.8 
C22-C21-C20 120.4(4) C22-C21-H21 119.8 
C20-C21-H21 119.8 C21-C22-C23 120.4(4) 
C21-C22-H22 119.8 C23-C22-H22 119.8 
C24-C23-C22 119.8(4) C24-C23-H23 120.1 
C22-C23-H23 120.1 C19-C24-C23 119.0(4) 
C19-C24-H24 120.5 C23-C24-H24 120.5 
N18-C25-C26 104.9(3) N18-C25-H25 127.5 
C26-C25-H25 127.5 C25-C26-N16 107.5(3) 
C25-C26-P1 132.3(3) N16-C26-P1 120.1(3) 
N28-N27-C37 109.8(3) N28-N27-Pt1 126.0(2) 
C37-N27-Pt1 124.2(2) N27-N28-N29 106.1(3) 
C36-N29-N28 111.9(3) C36-N29-C30 128.0(3) 
N28-N29-C30 120.0(3) C35-C30-C31 122.2(4) 
C35-C30-N29 118.6(3) C31-C30-N29 119.3(4) 
C32-C31-C30 118.1(4) C32-C31-H31 121.0 
C30-C31-H31 121.0 C31-C32-C33 121.0(4) 
C31-C32-H32 119.5 C33-C32-H32 119.5 
C32-C33-C34 120.2(4) C32-C33-H33 119.9 
C34-C33-H33 119.9 C33-C34-C35 119.9(4) 
C33-C34-H34 120.0 C35-C34-H34 120.0 
C30-C35-C34 118.7(4) C30-C35-H35 120.7 
C34-C35-H35 120.7 N29-C36-C37 104.5(3) 
N29-C36-H36 127.8 C37-C36-H36 127.8 
C36-C37-N27 107.7(3) C36-C37-P1 132.5(3) 
N27-C37-P1 119.8(3) C69-B40-C41 108.2(3) 
C69-B40-C83 109.8(3) C41-B40-C83 112.1(3) 
C69-B40-C55 109.5(3) C41-B40-C55 110.2(3) 
C83-B40-C55 107.1(3) C46-C41-C42 115.6(3) 
C46-C41-B40 123.6(3) C42-C41-B40 120.7(3) 
C43-C42-C41 121.8(4) C43-C42-H42 119.1 
C41-C42-H42 119.1 C44-C43-C42 121.0(4) 
C44-C43-C47 120.6(4) C42-C43-C47 118.4(4) 
C45-C44-C43 118.2(4) C45-C44-H44 120.9 
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C43-C44-H44 120.9 C44-C45-C46 120.7(4) 
C44-C45-C48 119.7(4) C46-C45-C48 119.6(4) 
C45-C46-C41 122.8(3) C45-C46-H46 118.6 
C41-C46-H46 118.6 F49A-C47-F51 122.7(11) 
F49A-C47-F49 27.7(15) F51-C47-F49 105.2(14) 
F49A-C47-F51A 104.2(14) F51-C47-F51A 29.(2) 
F49-C47-F51A 80.3(15) F49A-C47-F50 77.4(13) 
F51-C47-F50 107.4(14) F49-C47-F50 103.4(14) 
F51A-C47-F50 129.0(13) F49A-C47-F50A 110.3(13) 
F51-C47-F50A 74.4(16) F49-C47-F50A 130.0(14) 
F51A-C47-F50A 102.1(15) F50-C47-F50A 37.6(13) 
F49A-C47-C43 115.8(7) F51-C47-C43 114.2(9) 
F49-C47-C43 113.6(10) F51A-C47-C43 112.2(11) 
F50-C47-C43 112.3(8) F50A-C47-C43 111.3(10) 
F54-C48-F52 107.8(4) F54-C48-F53 105.7(3) 
F52-C48-F53 105.0(3) F54-C48-C45 112.9(3) 
F52-C48-C45 112.7(4) F53-C48-C45 112.2(4) 
F49A-F49-C47 70.(2) F49A-F49-F51A 114.(3) 
C47-F49-F51A 49.9(11) F50A-F50-C47 71.(2) 
F50A-F50-F49A 114.(3) C47-F50-F49A 48.6(9) 
F51A-F51-C47 78.(3) F51A-F51-F50A 129.(4) 
C47-F51-F50A 54.5(12) F49-F49A-C47 82.(2) 
F49-F49A-F50 132.(3) C47-F49A-F50 54.0(9) 
F50-F50A-C47 71.(2) F50-F50A-F51 116.(3) 
C47-F50A-F51 51.0(10) F51-F51A-C47 73.(4) 
F51-F51A-F49 116.(4) C47-F51A-F49 49.8(10) 
C60-C55-C56 115.1(3) C60-C55-B40 123.1(3) 
C56-C55-B40 121.8(3) C57-C56-C55 123.0(4) 
C57-C56-H56 118.5 C55-C56-H56 118.5 
C56-C57-C58 120.7(4) C56-C57-C61 120.8(4) 
C58-C57-C61 118.5(4) C59-C58-C57 117.7(4) 
C59-C58-H58 121.2 C57-C58-H58 121.2 
C58-C59-C60 121.3(4) C58-C59-C62 120.1(4) 
C60-C59-C62 118.5(4) C55-C60-C59 122.2(4) 
C55-C60-H60 118.9 C59-C60-H60 118.9 
F63A-C61-F63 25.7(16) F63A-C61-F65A 103.3(12) 
F63-C61-F65A 81.9(12) F63A-C61-F64 82.4(11) 
F63-C61-F64 106.5(11) F65A-C61-F64 126.0(8) 
237 
 
F63A-C61-F64A 105.4(12) F63-C61-F64A 124.9(11) 
F65A-C61-F64A 103.4(10) F64-C61-F64A 28.6(8) 
F63A-C61-F65 126.3(11) F63-C61-F65 110.1(11) 
F65A-C61-F65 30.7(7) F64-C61-F65 104.6(7) 
F64A-C61-F65 77.4(9) F63A-C61-C57 115.9(10) 
F63-C61-C57 113.8(9) F65A-C61-C57 114.4(7) 
F64-C61-C57 110.1(7) F64A-C61-C57 113.0(8) 
F65-C61-C57 111.1(7) F68-C62-F66 107.0(4) 
F68-C62-F67 106.3(4) F66-C62-F67 105.4(4) 
F68-C62-C59 113.8(4) F66-C62-C59 113.0(4) 
F67-C62-C59 110.8(4) F63A-F63-C61 76.(3) 
F63A-F63-F65A 118.(4) C61-F63-F65A 49.7(8) 
F64A-F64-C61 77.(2) F64A-F64-F63A 116.(3) 
C61-F64-F63A 47.9(9) F65A-F65-C61 73.(2) 
F65A-F65-F64A 116.(3) C61-F65-F64A 51.1(7) 
F63-F63A-C61 78.(3) F63-F63A-F64 124.(4) 
C61-F63A-F64 49.7(7) F64-F64A-C61 74.(2) 
F64-F64A-F65 123.(3) C61-F64A-F65 51.5(7) 
F65-F65A-C61 77.(2) F65-F65A-F63 121.(3) 
C61-F65A-F63 48.4(8) C74-C69-C70 115.9(3) 
C74-C69-B40 123.2(3) C70-C69-B40 120.8(3) 
C71-C70-C69 122.4(4) C71-C70-H70 118.8 
C69-C70-H70 118.8 C72-C71-C70 120.4(4) 
C72-C71-C75 121.4(4) C70-C71-C75 118.1(4) 
C71-C72-C73 118.3(4) C71-C72-H72 120.9 
C73-C72-H72 120.9 C72-C73-C74 120.7(4) 
C72-C73-C76 119.2(4) C74-C73-C76 120.0(4) 
C69-C74-C73 122.3(4) C69-C74-H74 118.9 
C73-C74-H74 118.9 F79-C75-F77 107.5(4) 
F79-C75-F78 106.3(4) F77-C75-F78 104.9(4) 
F79-C75-C71 113.4(4) F77-C75-C71 112.2(4) 
F78-C75-C71 112.1(4) F80-C76-F81A 124.4(7) 
F80-C76-F82A 53.0(6) F81A-C76-F82A 112.0(8) 
F80-C76-F81 111.6(9) F81A-C76-F81 33.4(9) 
F82A-C76-F81 132.9(7) F80-C76-F82 106.0(7) 
F81A-C76-F82 67.8(8) F82A-C76-F82 56.0(6) 
F81-C76-F82 100.8(7) F80-C76-F80A 47.6(6) 
F81A-C76-F80A 98.8(10) F82A-C76-F80A 98.7(8) 
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F81-C76-F80A 70.8(8) F82-C76-F80A 137.8(5) 
F80-C76-C73 116.0(5) F81A-C76-C73 117.5(6) 
F82A-C76-C73 115.7(5) F81-C76-C73 110.8(6) 
F82-C76-C73 110.5(5) F80A-C76-C73 111.1(5) 
F80A-F80-F82A 139.3(10) F80A-F80-C76 77.1(7) 
F82A-F80-C76 66.8(6) F81A-F81-C76 68.8(14) 
F81A-F81-F80A 118.0(16) C76-F81-F80A 59.0(7) 
F82A-F82-C76 57.9(5) F82A-F82-F81A 99.8(7) 
C76-F82-F81A 51.1(5) F80-F80A-C76 55.3(6) 
F80-F80A-F81 99.9(8) C76-F80A-F81 50.2(5) 
F81-F81A-C76 77.8(14) F81-F81A-F82 138.1(18) 
C76-F81A-F82 61.1(7) F80-F82A-F82 122.1(8) 
F80-F82A-C76 60.2(5) F82-F82A-C76 66.0(6) 
C88-C83-C84 115.0(3) C88-C83-B40 124.1(3) 
C84-C83-B40 120.5(3) C85-C84-C83 122.7(3) 
C85-C84-H84 118.7 C83-C84-H84 118.7 
C86-C85-C84 120.5(4) C86-C85-C89 120.4(4) 
C84-C85-C89 119.1(3) C85-C86-C87 118.0(4) 
C85-C86-H86 121.0 C87-C86-H86 121.0 
C88-C87-C86 120.9(4) C88-C87-C90 121.2(4) 
C86-C87-C90 117.8(4) C87-C88-C83 122.8(4) 
C87-C88-H88 118.6 C83-C88-H88 118.6 
F91-C89-F92 106.4(3) F91-C89-F93 105.9(3) 
F92-C89-F93 105.8(3) F91-C89-C85 113.5(3) 
F92-C89-C85 112.5(3) F93-C89-C85 112.2(3) 
F96-C90-F94 106.4(4) F96-C90-F95 106.6(3) 
F94-C90-F95 106.0(4) F96-C90-C87 113.4(4) 
F94-C90-C87 111.7(3) F95-C90-C87 112.2(3) 
Cl1-C97-Cl2 115.8(5) Cl1-C97-H97A 108.3 
Cl2-C97-H97A 108.3 Cl1-C97-H97B 108.3 
Cl2-C97-H97B 108.3 H97A-C97-H97B 107.4 
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APPENDIX F 
 
Atomic coordinates and isotropic displacement parameters  
for [bpztzCyPtMe3][I] 
 
Atom  x   y   z  U(eq) 
Pt1  2059.7(2)  6676.85(17)  3679.62(14) 21.18(8) 
N1  986(4)   4587(4)  2892(3) 21.9(8) 
N2  -115(4)  3612(4)  2980(3) 25.3(8) 
N3  -283(4)  2488(4)  2336(3) 23.9(8) 
N4  2047(4)  7083(4)  2139(3) 23.6(8) 
N5  2344(4)  6176(4)  1533(3) 22.4(8) 
N6  4124(4)  6245(4)  3821(3) 22.7(8) 
N7  4162(4)  5620(4)  2915(3) 22.1(8) 
C1  2001(6)  6239(5)  5112(4) 32.2(11) 
C2  50(5)   6960(5)  3447(4) 30.1(10) 
C3  3202(6)  8686(4)  4422(4) 29(1) 
C4  2766(5)  5064(4)  1965(3) 20.2(9) 
C5  1518(5)  4112(4)  2211(3) 19.9(9) 
C6  697(5)   2742(5)  1847(4) 22.6(9) 
C7  -1464(5)  1179(4)  2237(4) 24.7(10) 
C8  -1062(6)  648(5)   3275(4) 30.1(11) 
C9  -2280(6)  -722(5)  3156(5) 35.1(12) 
C10  -3864(6)  -609(5)  2794(4) 32.9(11) 
C11  -4215(6)  -24(5)   1790(4) 31.2(11) 
C12  -3007(5)  1341(5)  1908(4) 29.3(10) 
C13  1842(5)  8053(5)  1586(4) 24.0(9) 
C14  1993(5)  7769(5)  633(4)  28.2(10) 
C15  2322(5)  6582(5)  602(4)  26.3(10) 
C16  1495(6)  9257(5)  1971(4) 33.5(11) 
C17  2641(7)  5803(5)  -206(4) 37.8(12) 
C18  5562(5)  6642(4)  4526(4) 25.7(10) 
C19  6475(5)  6279(5)  4053(4) 29.5(10) 
C20  5569(5)  5643(5)  3027(4) 27.4(10) 
C21  6052(6)  7352(5)  5639(4) 34.4(11) 
C22  5938(6)  5090(6)  2158(5) 36.5(12) 
I1  2708.1(4)  1966.1(3)  117.7(3) 32.34(10) 
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BOND LENGTHS (Å) 
 
Atom Atom Length/Å   Atom Atom Length/Å 
Pt1 N1 2.135(4)   N7 C20 1.359(6) 
Pt1 N4 2.178(4)   C4 C5 1.506(6) 
Pt1 N6 2.193(4)   C5 C6 1.375(6) 
Pt1 C1 2.061(5)   C7 C8 1.530(7) 
Pt1 C2 2.042(5)   C7 C12 1.520(7) 
Pt1 C3 2.054(4)   C8 C9 1.537(6) 
N1 N2 1.310(5)   C9 C10 1.536(7) 
N1 C5 1.351(6)   C10 C11 1.517(8) 
N2 N3 1.345(5)   C11 C12 1.529(6) 
N3 C6 1.343(6)   C13 C14 1.385(7) 
N3 C7 1.482(5)   C13 C16 1.502(7) 
N4 N5 1.374(5)   C14 C15 1.371(7) 
N4 C13 1.327(6)   C15 C17 1.498(7) 
N5 C4 1.445(6)   C18 C19 1.404(7) 
N5 C15 1.366(6)   C18 C21 1.491(7) 
N6 N7 1.375(5)   C19 C20 1.372(8) 
N6 C18 1.352(6)   C20 C22 1.485(7) 
          N7        C4       1.471(6)        
 
BOND ANGLES (°) 
 
Atom Atom Atom Angle/˚   Atom Atom Atom Angle/˚ 
N1 Pt1 N4 84.85(14)   C20 N7 N6 112.6(4) 
N1 Pt1 N6 83.31(14)   C20 N7 C4 128.1(4) 
N4 Pt1 N6 83.68(14)   N5 C4 N7 109.5(3) 
C1 Pt1 N1 93.54(17)   N5 C4 C5 111.3(4) 
C1 Pt1 N4 178.01(17)   N7 C4 C5 111.1(4) 
C1 Pt1 N6 97.30(18)   N1 C5 C4 120.4(4) 
C2 Pt1 N1 92.68(17)   N1 C5 C6 107.2(4) 
C2 Pt1 N4 94.06(18)   C6 C5 C4 132.4(4) 
C2 Pt1 N6 175.55(16)   N3 C6 C5 104.4(4) 
          C2        Pt1      C1        84.8(2)              N3       C7      C8 110.1(4) 
          C2        Pt1      C3        90.4(2)              N3       C7       C12 111.0(4) 
C3 Pt1 N1 176.67(17)   C12 C7 C8 111.6(4) 
C3 Pt1 N4 93.79(17)   C7 C8 C9 109.6(4) 
C3 Pt1 N6 93.52(17)   C10 C9 C8 112.1(4) 
          C3        Pt1      C1        87.9(2)             C11      C10     C9 111.1(4) 
N2 N1 Pt1 130.7(3)   C10 C11 C12 112.0(4) 
N2 N1 C5 111.1(4)   C7 C12 C11 110.3(4) 
C5 N1 Pt1 118.2(3)   N4 C13 C14 109.8(4) 
N1 N2 N3 105.1(4)   N4 C13 C16 123.4(4) 
N2 N3 C7 119.4(4)   C14 C13 C16 126.9(4) 
C6 N3 N2 112.2(4)   C15 C14 C13 107.9(5) 
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C6 N3 C7 128.4(4)   N5 C15 C14 105.3(4) 
N5 N4 Pt1 117.8(3)   N5 C15 C17 122.6(4) 
C13 N4 Pt1 136.1(3)   C14 C15 C17 132.0(5) 
C13 N4 N5 106.1(4)   N6 C18 C19 109.9(4) 
N4 N5 C4 119.5(4)   N6 C18 C21 123.4(4) 
C15 N5 N4 110.9(4)   C19 C18 C21 126.6(5) 
C15 N5 C4 129.3(4)   C20 C19 C18 107.4(4) 
N7 N6 Pt1 117.0(3)   N7 C20 C19 105.6(4) 
C18 N6 Pt1 137.1(3)   N7 C20 C22 123.7(5) 
C18 N6 N7 104.5(4)   C19 C20 C22 130.7(5) 
          N6 N7 C4 119.3(4)          
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APPENDIX G 
 
Atomic coordinates and isotropic displacement parameters  
for [bpztzC6F5PtMe3][I] 
 
Atom x y z U(eq) 
Pt1 6064.91(10) 2112.89(12) 3680.06(12) 14.37(7) 
F1 6752.7(18) 6245.9(19) 5234(2) 26.0(5) 
F2 6854(2) 8348(2) 5293(2) 30.8(6) 
F3 7545(2) 9399(2) 3983(2) 34.6(6) 
F4 8053.8(19) 8338(2) 2559(2) 31.2(6) 
F5 7998.2(19) 6223.2(19) 2529(2) 28.2(6) 
N1 6840(2) 3534(2) 3773(2) 15.3(6) 
N2 6585(2) 4516(3) 3747(3) 16.3(6) 
N3 7370(2) 5075(3) 3871(3) 17.1(7) 
N4 6900(2) 1538(2) 2761(3) 15.5(6) 
N5 7835(2) 1773(3) 3083(3) 16.5(6) 
N6 7271(2) 1633(3) 4948(3) 16.1(6) 
N7 8137(2) 1834(3) 4873(3) 16.2(6) 
C1 8222(3) 2393(3) 3995(3) 15.1(7) 
C2 7766(3) 3455(3) 3914(3) 16.3(8) 
C3 8133(3) 4454(3) 3979(3) 17.4(8) 
C4 7353(3) 6189(3) 3866(3) 17.8(8) 
C5 7067(3) 6747(3) 4567(3) 20.6(8) 
C6 7124(3) 7831(3) 4609(4) 23.6(9) 
C7 7467(3) 8360(3) 3938(3) 23.5(9) 
C8 7744(3) 7819(3) 3218(3) 21.9(9) 
C9 7694(3) 6735(3) 3194(3) 20.0(8) 
C10 5867(3) 367(3) 1447(3) 24.7(9) 
C11 6778(3) 880(3) 1977(3) 19.6(8) 
C12 7628(3) 714(3) 1798(3) 22.0(8) 
C13 8294(3) 1265(3) 2520(3) 20.7(8) 
C14 9321(3) 1328(4) 2714(4) 27.8(10) 
C15 6645(3) 816(4) 6214(3) 25.4(9) 
C16 7421(3) 1157(3) 5839(3) 19.9(8) 
C17 8381(3) 1050(3) 6338(3) 24.7(9) 
C18 8820(3) 1491(3) 5706(3) 21.4(8) 
C19 9834(3) 1604(4) 5842(4) 30.9(10) 
C20 5350(3) 2720(3) 4575(3) 23.2(9) 
C21 5370(3) 720(3) 3611(3) 21.1(8) 
C22 4978(3) 2645(3) 2475(3) 18.8(8) 
I1 517.11(17) 3806.7(2) 4047.56(19) 20.83(8 
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BOND LENGTHS (Å) 
 
Atom Atom Length/Å  Atom Atom Length/Å 
Pt1 N1 2.138(3)  N6 N7 1.372(5) 
Pt1 N4 2.188(3)  N6 C16 1.334(5) 
Pt1 N6 2.188(3)  N7 C1 1.455(5) 
Pt1 C20 2.042(4)  N7 C18 1.359(5) 
Pt1 C21 2.050(4)  C1 C2 1.507(5) 
Pt1 C22 2.058(4)  C2 C3 1.380(6) 
F1 C5 1.333(5)  C4 C5 1.383(6) 
F2 C6 1.323(5)  C4 C9 1.389(6) 
F3 C7 1.328(5)  C5 C6 1.383(6) 
F4 C8 1.330(5)  C6 C7 1.379(7) 
F5 C9 1.326(5)  C7 C8 1.386(6) 
N1 N2 1.307(5)  C8 C9 1.384(6) 
N1 C2 1.357(5)  C10 C11 1.495(6) 
N2 N3 1.348(5)  C11 C12 1.401(6) 
N3 C3 1.368(5)  C12 C13 1.371(6) 
N3 C4 1.420(5)  C13 C14 1.494(6) 
N4 N5 1.376(5)  C15 C16 1.492(6) 
N4 C11 1.342(5)  C16 C17 1.406(6) 
N5 C1 1.452(5)  C17 C18 1.378(6) 
N5 C13 1.363(5)  C18 C19 1.493(6) 
 
 
BOND ANGLES (°) 
 
Atom Atom Atom Angle/˚   Atom Atom Atom Angle/˚ 
N1 Pt1 N4 84.95(12)   N1 C2 C1 120.3(3) 
N1 Pt1 N6 83.43(12)   N1 C2 C3 108.5(3) 
N6 Pt1 N4 83.63(12)   C3 C2 C1 131.2(4) 
C20 Pt1 N1 91.61(15)   N3 C3 C2 102.6(3) 
C20 Pt1 N4 176.33(15)   C5 C4 N3 121.4(4) 
C20 Pt1 N6 94.72(16)   C5 C4 C9 118.9(4) 
C20 Pt1 C21 89.67(18)   C9 C4 N3 119.6(4) 
C20 Pt1 C22 86.03(18)   F1 C5 C4 120.3(4) 
C21 Pt1 N1 177.77(15)   F1 C5 C6 118.7(4) 
C21 Pt1 N4 93.73(15)   C4 C5 C6 120.9(4) 
C21 Pt1 N6 94.64(15)   F2 C6 C5 119.9(4) 
C21 Pt1 C22 88.89(17)   F2 C6 C7 120.7(4) 
C22 Pt1 N1 93.02(14)   C7 C6 C5 119.5(4) 
C22 Pt1 N4 95.42(15)   F3 C7 C6 120.2(4) 
C22 Pt1 N6 176.39(14)   F3 C7 C8 119.2(4) 
N2 N1 Pt1 131.2(3)   C6 C7 C8 120.7(4) 
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N2 N1 C2 110.9(3)   F4 C8 C7 120.3(4) 
C2 N1 Pt1 117.9(2)   F4 C8 C9 120.5(4) 
N1 N2 N3 105.2(3)   C9 C8 C7 119.2(4) 
N2 N3 C3 112.8(3)   F5 C9 C4 120.5(4) 
N2 N3 C4 120.9(3)   F5 C9 C8 118.7(4) 
C3 N3 C4 126.3(3)   C8 C9 C4 120.8(4) 
N5 N4 Pt1 117.5(2)   N4 C11 C10 122.9(4) 
C11 N4 Pt1 136.7(3)   N4 C11 C12 110.0(4) 
C11 N4 N5 105.3(3)   C12 C11 C10 127.0(4) 
N4 N5 C1 119.5(3)   C13 C12 C11 107.2(4) 
C13 N5 N4 111.6(3)   N5 C13 C12 105.9(4) 
C13 N5 C1 128.5(3)   N5 C13 C14 124.1(4) 
N7 N6 Pt1 117.4(2)   C12 C13 C14 129.9(4) 
C16 N6 Pt1 136.9(3)   N6 C16 C15 122.4(4) 
C16 N6 N7 105.6(3)   N6 C16 C17 110.4(4) 
N6 N7 C1 119.6(3)   C17 C16 C15 127.2(4) 
C18 N7 N6 111.3(3)   C18 C17 C16 106.1(4) 
C18 N7 C1 129.0(3)   N7 C18 C17 106.6(4) 
N5 C1 N7 110.5(3)   N7 C18 C19 123.5(4) 
N5 C1 C2 112.0(3)   C17 C18 C19 129.9(4) 
          N7        C1       C2       110.1(3)         
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